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PREFACE. 



The rapid progress of the science of astronomy, for the lost 
few years, has again rendered it necessary to revise the Geo- 
f^afhy of tJu Heavens — a work, the popularity of which is suflB- 
eiently proved by a sale of 300,000 copies. The editor has, 
therefore, availed himself of the occasion to make such improve- 
ments, both in the book and maps, as seemed to be demanded by 
the progress of the science, and the most approved methods of 
instruction. Among these improvements we may mention the 
following : — 

1. The matter of the book has been thoroughly assorted ; the 
most important paragraphs- being printed in large type, and 
numbered, as in most modern text-books ; while that which 
seemed in the main explanatory of the more important portions, 
is left in small print. By this means an agreeable variety is 
afforded to the eye, while the book is made to contain far more 
matter, and is, consequently, far more complete, than it could 
otherwise have been. 

2. A new set of Questions has been prepared throughout. 
These are brief, topical and suggestive ; and numbered to 
answer to the paragraphs to which they relate. 

3. A complete list of Telescopic Objects in each constellation 
has been inserted ; giving the Right Ascension and Declination 
of each object ; with a brief description of it ; and easy land- 
marks and directions by which it may be found ; and references 
to telescopic views of the same in the new maps. The color and 
relative magnitude of the components of the double stars, are 
also given. These Telescopic Objects, compiled with great labor 
from Smythh Cycle of Celestial Objects, will be found especiall\ 
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valuable to all institutions having an equatorial telesi.'ope 
Indeed, they greatly enhance the value of the work for al 
clafises of students. 

4. Several small constellations that were delineated on thf« 
maps, but were not described in former editions of the book, 
have been described, and their history given in the present 
edition. 

5. The page of the book has been greatly enlarged, for the 
double purpose of printing more matter and in larger type: 
and to afford scope for wood-cut illustrations. Of these, great 
numbers have been introduced into the second part of the work, 
adapting it, in this respect also, to the wants of both teacher 
and student. 

6. Still further to illustrate the second part of the work, the 
first map of the atlas has been re-drawn and re-eagraved, so as 
to illustrate more and better than the old map. 

7. Two entirely new maps have been introduced into the Atlas, 
containing views of eighty different celestial objects ; such as 
Double Stars, Clusters, Nebulae, Comets, &c. These are 
all referred to in the book, and in turn refer from the objects 
back to the page of the book where they are described. These 
maps and the corresponding descriptions in the book will be 
found not only extremely interesting, but of incalculable value 
to the student. 

8. A chapter on the history, structure and use of Telescopes, 
Transit Instruments, &c., has been introduced — a subject which 
every student of astronomy should understand, but one to which 
no attention was given in the previous editions. 

Such are some of the principal new features of the present 
edition — larger type, new questions, telescopic objects, new maps, 
new matter, and nimerous illustrations, making it the most per- 
fect and complete text-book of astronomy ever offered to the 
American public. 

H. Mattison 

Neto York, J*dy lf»G6. 
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INTRODUCTIOK 



1. Astronomy is the science of the hearenly bodies — the Sufl| 
Moon, Planets, Comets, and Fixed Stars. 

2. In entering upon this stadj, the phenomena of the hea- 
vens, as they appear on a clear evening, are the first objects that 
demand oar attention. Oar first step is to learn the names and 
positions of the heavenly bodies, so that we can identify, and 
distinguish them from each other. 

In this manner they were observed and studied ages before books were written, and It 
wad only after many careful and repeated observations, that systems aad theories of 
Astronomy were formed. To the visible beavenSf then, the attention of the pupil should 
be first directed, for it is only when he shall have become, in some measure, familiar 
with them, that he will be able to locate his Astronomical knowledge, or fully compro* 
hend the terms of the science. 

3. For the sake of convenient reference, the heavens were 
early divided into constellations, and particular names assigned 
to the constellations and to the stars which they contain. A 
constellation may be defined to be a cluster or group of stars 
embraced in the outline of some figure. These figures are, in 
many cases, creations of the imagination ; but in others, the 
stars are in reality so arranged as to form figures which have 
some resemblance to the objects whose names have been assigned 
to them. 

These divisions of the celestial sphere bear a striking analogy to the civil divisions of 
the globe. The constellations answer to states and kingdoms, the most brilliant clus- 
ters to towns and cities, and the number of stars in each, to their respective population. 
The pupil can trace ths boundaries of any constellation, and name all its stars, one by 
one, as readily as he can trace the boundaries of a state, or name the towns and cities 
from a map of New England. In this sense, there may be truly said to be a Oeography 
of the Heavens. 

4. The stars are considered as forming, with reference to 

1. What is Astronomy? 8. What first studied? First step? 8. How are \\\*t 
heavens divided, and why f What is a constellation f Wh^kt of these figures f In what 
aense may there really be a ** Oeography of the heac&ns f ** 4. How are the stars 
classified, as respects their magnltudccf What expedient for uetignatinf their placoi 
lo the heavens f 
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their magnitudes, sixteen classes ; the brightest being called 
stars of the first magnitude, the next brightest, stars of the 
second magnitude, and so on to the sixth class, which consists 
of the smallest stars visible to the naked eye. The next ten 
classes are seen only through telescopes. 

In order to be able to designate with precision their situa- 
tions, imaginary circles have been considered as drawn in the 
heavens, most o^' which correspond to, and are in the same plane 
with, similar circles, supposed for similar purposes, to be drawn 
on the surface of the Earth. 

5. In order to facilitate the study of Astronomy, artificial 
representations of the heavens, similar to those of the surface of 
the Earth, have been made. Thus, a Celestial Atlas, composed 
uf several maps, accompanies this work. Before, however, pro- 
ceeding to explain its use, it is necessary to make the pupil 
acquainted with the imaginary circles alluded to, called the Cir- 
clcs of the Sjphere, 

CIRCLES OF THE SPHERE. 

6. The Axis of the Earth is an imaginary line, passing through 
its centre, north and south, about which its diurnal revolution is 
performed. 

The Poles of tJit Earth are the extremities of its axis. 

The Aocis of the Heavens is the axis of the Earth produced 
both ways to the concave surface of the heavens. 

The Poles of the Heavens are the extremities of their axis. 

The Equator of the Earth is an imaginary great circle pass- 
ing round the Earth, east and west, everywhere equally distant 
from the poles, and dividing it into northern and southern hemi 
bpheres. 

The Equator of the Heavens^ or Equinoctial^ is the great circle 
formed on the concave surface of the heavens, by producing the 
plane of the Earth^s equator. 

A plane is that which has surface but not thickness. The plane of a circle Is that hna* 
Kinary superficies which is bounded by the circle. 

*l. The Rational Horizon is an imaginary great circle, whose 
plane, passing through the centre of the Earth, divides the hea- 
vens into two hemispheres, of which the upper one is called the 

&. What helps to facilitate the study of the heavens? Circles? Called what' 
6. Axis of the Earth ? Poles? Axis of the heavens? Poles of the heavens? Equator 
of the Karth ? Equator of the heavens, or Equ noctial ? 7. Rational horizon ? ScDai 
bitiot uppartMit V 
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Visible hemisphere, and the lower one, the invisible hemisphere. 
Iz is the plane of this circle which determines the rising and set* 
ting of the heavenly bodies. 

The Sensible or Apparent Horizon^ is the circle which termi 
nates our view, where the Earth and sky appear to meet. 

To a person standing on a plain, this circle is but a few miles in diameter. If the eye 
he elevated five feet, the radius of the sensible horizon will be less than two miles and 
three quarters; if the eye be elevated six feet, it will be just three miles. The observer 
being always in the centre of the sensible horizon, It will move as he moves, and enlarge 
or contract, as his station is elevated or depressed. 

8. The Poles of the Horizon are two points, of which the one ia 
directly overhead, and is called the Zenith ; the other is directly 
underfoot, and is called the Nadir. 

Vertical Circles are circles drawn through the Zenith and 
Nadir of any place, cutting the horizon at right angles. 

The Prime Vertical is that which passes through the east and 
west points of the horizon. 

9. The Ecliptic is the plane of the Earth's orbit ; or the great 
circle which the Sun appears to describe annually among the 
stars. It crosses the Equinoctial, a little obliquely, in two oppo- 
site points, which are called the Equinoxes. The Sun rises in 
one of these points on the 21st of March ; this point is called 
the Vernal Equinox. It sets in the opposite point on the 23d 
of September ; this point is called the Autumnal Equinox. One 
half of the Ecliptic lies on the north side of the Equinoctial, the 
other half on the south side, making an angle with it of 23^®. 
This angle is called the obliquity of the Ecliptic. The axis of 
the Ecliptic makes the same angle with the axis of the heavens; 
so that the poles of each are 23^° apart. 

This angle is perpetually decreasing. At the commencement of the Christian era, it- 
was about 23* 45'. At the beginning of 1836, it was only 28* 27' 8S% showing an annual 
diminution of about half a second, or 45'.70 in a hundred years. A time will arrive, 
however, when this angle, having reached its minimum, will again increase in the same 
ratio that it had before diminished, and thus it will continue to oscillate at long periods, 
between certain limits, which are said to be comprised within the space of 20* 42'. 

10. The Ecliptic, like every other circle, contains 360°, and it 
k divided into 12 equal arcs of 30° each, called signs, which the 
ancients distinguished by particular names. This division com- 
mences at the vernal equinox, and is continued eastwardly round 
to the same point again in the following order : Aries, Taurus, 
Gemini, Cancer, Jao, Virgo, Libra, Scorpio, Sagittarius, Capri- 

8. Poles of the horizon ? Vertical circles ? Prime Vertical ? 9. Ecliptic ? Equi- 
poxes t How is the Ecliptic situated with respect to the Equinoctial? Obliquity of 
licMptic? Is this angle permanent? 10. How is the Ecliptic divided? Where coro< 
mcuced, and how reckoned ? Name sigi } in order ? How dues the Sun proceed thr ioeli 
Ib.signsr 

1* 
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cornuSf Aquarius, Pisces, The Sun, commencing at the first 
degree of Aries, about the 21st of March, passes, at a mean 
rate, through one sign erery month. 

11. The Zodiac is a zone or girdle, about 16 degrees in breadth, 
extending quite round the heavens, and including all the heavenly 
bodies within 8° on each side of the ecliptic. It includes, also, 
the orbits of all the planets, except some of the asteroids, cince 
they are never seen beyond 8° either north or south of the ecliptic, 

12. Parallels of Latitude are small circles ima^ned to be 
drawn on the Earth's surface, north and south of the equator, 
and parallel to it. 

Parallels of Declination are small circles, imagined to be drawn 
on the concave surface of the heavens, north and south of the 
equinoctial, and parallel to it ; or they may be considered as 
circles formed by producing the parallels of latitude to the 
heavens. 

13. The Tropic of Camcer is a small circle, which lies 23 J^ 
north of the Equinoctial, and parallel to it. The Tropic of 
Capricorn is a small circle, which lies 23^° south of the Equi- 
noctial, and parallel to it. On the celestial sphere, these two 
circles mark the limits of the Sun's farthest declination, north 
and south. On the terrestrial sphere, they divide the torrid from 
the two temperate zones. That point in the ecliptic which 
touches the tropic of Cancer, is called the Summer Solstice ; and 
that point in the ecliptic which touches the tropic of Capricorn, 
is called the Winter Solstice. 

The distance of these two points from the equinoctial, is always equal to the obliqui^ 
of tho ecliptic, which, in round numbers, is 28c* ; but, as we hare teen, the obliquity o' 
the ecliptic is continually changing ; therefore the position of the tropics must malce ;i 
correspondent change. 

14. The Colures are two great circles which pass through the 
poles of the heavens, dividing the ecliptic into four equal parts, 
and mark the seasons of the year. One of them passes through 
the equinoxes at Aries and Libra, and is thence called the EquU 
noctial Colure; the other passes through the solstitial points or 
the points of the Sun's greatest declination north and south, and 
is thence called the Solstitial Colure, 

The Buu is in the equinoctial points the 2l8t of March and the 28d of September. He 
s in the solstitial points the 28d of June and the 22d of December. 

15. The Polar Circles are two small circles, each about 66J° 



11. What is the Zodiac? 12. Parallels of latitude? Of declination ? 1ft. Th« 
tropics? Cancer? Capricorn? What do these circles mark in the celestial sphere* 
On ^o terrestrial ? 14. The Colures ? Where situated ? When is the Eon at the equf 
boeUa* |Aj?!)t8? The bolsticial? 15. What are the Polar Circles ? 
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irom the equator, being always at the same distance from the poles 
that the tropics are from the equator. The northern is called 
tlie Arciic circle, and the southern the Antarctic circle. 

16. Meridians are imaginary great circles drawn through the 
poles of the world, cutting the equator and the equinoctial at 
right angles. 

Every place on the Earth, and erery corre8]«onding point in the hearenSfis considereil 
as having a meridian passing through H; although astronomers apply but 24 to the 
heavens, thus dividing the whole concave surface into 24 sections, each 15* in width. 
These meridians mark the space which the heavenly bodies appear to describe, every 
hour, for the 24 hours of the day. They are thence sometimes denominated JBimr Oircles. 

In measuring distances and determining positions on the Earth, the equator and some 
Sxed meridian, as that of Oreenwich, contain the primary starting points ; in the hea- 
vens these points are in the ecliptic, the equinoctial, and that great meridian which 
passes through the first point of Aries, called the equinoctial colure. 

17. Latitude oh the Earthy is distance north or south of tha 
equator J and is measured on the meridian. 

Latitude in the Heavens ^ is distance north or south of the edip" 
tic, and at right angles with it. 

Longitude on the Earth, is distance either east or west from 
90me fixed meridian, measured on the equator. 

Longitude in the Heavens, is distance east from the first point 
of Aries, measured on the ecliptic. 

18. Declination is the distance of a heavenly body either north 
or south of the equinoctial, measured on a meridian. 

Right Ascension is the distance of a heavenly body east from 
the first point of Aries, measured on the equinoctial. 

It is more convenient to describe the situation of the heavenly bodies by their decH* 
nation and right ascension, than by their latitude and longitude, since the former cor- 
responds to terrestrial latitude and longitude. 

latitude and declination may extend 90' and no more. Terrestrial longitude may 
extend 180* either east or west; but celestial longitude and right ascension, being reck- 
oned in only one direction, extend entirely round the circle, or 860*. 

It is easy to convert right ascension into time, or time into right ascension, foi if i« 
heavenly body is one hour in passing over 15*, it will be one fifteenth of an hour, or fo&r 
minutes, in passing over 1*. 

If the first point of Aries be on the meridian at 12 o'clock, the next hour line, whico 
is 15* E. of it, will come to the meridian at 1 o'clock; the second hour line at 2 o'clock: 
the third at 8, Ac. Of any two bodtes whose right ascensions are given, that one wifl 
pats the meridian ^r«< which has the lectst right ascension. 

19. In consequence of the Earth's motion eastward in its 
orbit, the stars seem to have a motion westward, besides their 
apparent diurnal motion caused by the Earth's revolution on its 
axis ; so that they rise and set sooner every succeeding day by 
about four minutes, than they d^'d on the preceding. This is 

16. Meridians? How many? What other name? How measure distances on the 
earth? In the heavens? 17. What is latitude on the earth? In the heavens t 
Longitude on the earth? In the heavens? IS. Declination? Right ascension 
Why describe by D. and R. K.f Extent of latitude? Declination? Longitude and B. 
A ? Dow convert R. A. into time? Which of two bodies given will first piss the meri< 
Jiauf 19 What a ^parent motion of stars? Cause? Bcsulta? 
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called their daily acceleration. It amounts to just two hours a 
month. On this account we have not always the same constel- 
lations visible to us throughout the year. While some, that were 
not visible before, are successively rising to view in th'j east, and 
ascending to the meridian, others sink beneath the western 
horizon, and are seen no more, until, having passed through the 
lower hemisphere, they again reaopear in the east. 



DESCRIPTION AND USE OF THE MAPS. 

20/ The first map of the atlas represents, upon a large scale, 
*» general view of the solar system. This will be more fully 
described in the second part of the work. 

The next six maps represent diflferent sections of the concave 
surface of the heavens. The first of these exhibits the principal 
constellations visible to us in October, November, and Decem- 
ber ; the second, those visible in Jfl^'iary, February, and March; 
the third, those visible in April, May, and June ; and the fourth, 
^hose visible in July, August, and September ; with the excep- 
tion, however, of the constellations which lie beyond the 60th 
degree of north and south decliiij.tion, of which, indeed, those 
around the North Pole are alwai^j^ and those around the South 
Pole, 7iever visible to us. 

21. These constellations are represented on the sixth and 
seventh maps, called cu^cumpolar maps, which are an exact con- 
tinuation of the others, and if joined to them at their correspond- 
ing degrees of right ascension and declination, they might be 
considered as constituting one map. The scale on which all the 
above-mentioned maps are drawn is that of a 16-inch globe. 
The lines drawn on the maps have Ueen already defined ; and 
their use, being nearly the same with those in geography, will 
be readily understood. Those which are drawn from right to 
left, on each side of the equinoctial and parallel to it, are called 
Farallds of Declination. Those which are drawn up and down 
through the maps, at intervals of 1 5°, are called Meridians of 
Right Ascension, or Hour Circles. 

The scale at the top and bottom of the first four maps, and In the circumference o; 
the circumpolar maps, indicates the daily progress of the stars in right ascension, and 
shows on what day of the month any star will be on the meridian at 9 o'clock in the 
rvecing. 



SO. What said of maps? First? Next six? 21. Sixth and Mrenth? 8o*l« 
Describe lines? S^ale indicates what? 
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22. The first four maps of the heavens are so constnicteci 
that the pupil in using them must suppose himself to face the 
south, and to hold them directly overhead in such mannfer that 
the top of the map shall be towards the north, and the bottom 
towards the south ; the right hand side of the map will then be 
west, and the left-hand east. In using the circumpolar maps he 
must suppose himself to face the pole, and to hold them in such 
a manner that the day of the given month shall be uppermost. 

The constellation called the Great Bear is an exception to this rule ; in this constel 
lation the principal stars are marked in the order of their right ascension. 

That point of projection for the maps which would exhibit each successive portion of 
the heavens directly overhead at 9 o'clock in the evening, was chosen, because in sum- 
mer at an earlier hour the twilight would bedim our observation of the stars, and an 
other seasons of the year it is easier to look up to stars that want an hour of their 
meridian altitude than to those which are directly overhead. 



CLASSIFICATION OF STARS, NEBULA, &c. 

23. For purposes of convenience in finding or referring to par- 
ticular stars, recourse is had to a variety of artificial methods 
of classification. First, the whole concave of the heavens is 
divided into sections or groups of stars, of greater or less extent, 
called Constellations. — (Of the origin of these figures see page 
143). Next, they are classified according to their magnitudes ^ 
(as already stated art. 4), and designated on the maps accord- 
ingly. Thirdly, the stars of eadi cmistdlation are classified 
according to their magnitudes in relation to each other, and with- 
out reference to other constellations. Thus, for instance, the 
largest star in Taurus is marked a. Alpha ; the next largest p. 
Beta; the next, y. Gamma, &c., till the Greek alphabet is 
exhausted. Then the Roman (or English) is taken up, and 
finally, if necessary, recourse is had to figures. 

This useful method of designating particular stars by the use of the Greek and Roman 
alphabet, was invented by John Bayer, of Augsburg, in Germany, in 1608. It has been 
adopted by all succeeding astronomers, and extended by the addition of the Arabic 
notation 1, 2, 8, Ac, wherever the stars in a constellation outnumber both alphabets. 

As Greek letters so frequently occur in catalogues and maps of the stars and on the 
C5l3stial globes, the Greek alphabet is here introduced for the use of those who are 
unacquainted with it. The capitals are seldom used for designating the stars, but arit 
here given for the sake of regularity. 



92. How use the first four maps of the hearens? Circumpolar? What excepUonf 
What point of projection chosen, and whyT 28. Classification or designation o> 
tttars? By whom invented, and when? 
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24. As a further aid in finding particular stars, and especiall} 
In determining their number, and detecting changes, should anj 
occur, catalogues of the stars have been constructed, one of 
which is over two thousand years old.- Several of the principal 
stars have specific names, like the planets, as Sirius, Aldebaro/n, 
RegiUuSy &c. 

25. The stars are still further distinguished, as single, douV% 
triple^ multiple^ binary, variable, mw, and nebulous, 

A single star is one that appears as a unit under the most 
powerful telescopes. Double, trifle, and multiple stars, are those 
that appear single to the naked ty-^, but by the aid of telescopes 
are found to consist of two or more stars. Binary stars are 
double stars revolving around each other, often ca-lled Binary 
Systems. Variable stars are those that are found to undergo 
certain fluctuations in their brightness, sometimes becoming quite 
invisible. In most cases these changes are periodical and 
regular, on which account they are called Periodical stars 
New stars are those that suddenly blaze forth in some portion 
of the heavens previously void. Nebulous stars are those which 
are surrounded by a faint nebula, or halo of light or mist. 

26. A duster of stars is an assemblage or group, thrown 
promiscuously together, like the Pleiades and Hyades in Taurus, 
and the Bet Hive in Cancer. A Nebula is a cluster so remote 
as to appear only like a faint cloud or haze of light. Resolvable 
Nebula, are those that can be resolved into distinct stars by the 
aid of a telescope. Irresolvable Nebulae are those that have not 



21 What further aid? Age? Names of stars? 26. Stars, how further di»tln 
raished? Single p tars? Double, Ac? Binary? What other name ? Variable stars. 
What other name and why? New stars? Nebulous? 26. What are clusters? N«Ui» 
Ud? Resolvable Nebulas? Irresoirable ? Annular? Planetary? 
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18 yet beeu thus resolved. Annular Nebula are those that hare 
the form of an annulus or ring. Plcmetary Nebula are those 
that resemble planets in form, and in the sharpness of their out- 
line. Stellar Nebula are those with a star in the centre, the 
same as nebulous stars, already described (25). 

A more detailed accoant of the double stars, clusters and nebolse, will be giren after 
the student has become tomewhat familiar with the constellations. 

21. We may now imagine the pupil ready to begin the study 
of the visible heavens. The first thing of importance is to fix 
upon the proper starting point. This, on many accounts, would 
seem to be the North Polar Star. Its position is apparently 
the same every hour of the night throughout the year, while the 
other stars are continually moving. Many of the stars also in 
that region of the skies never set, so that when the sky is clear, 
they may be seen at any hour of the night. They revolve about 
the pole in small circles, and never disappear below the horizon. 

On this account they are said to be within the circle of perpetual apparition. On the 
other hand, the identity of the North Polar Star,. strange as it may appear, is not so 
easily determined by those who are Just entering upon this study, as that of some others. 
For this reason, the point directly overAeadf called the zenith, is preferable, since upon 
this point every one can fix with certainty in whatever latitude he may be. It will be 
alike to all the central point of the visible heavens, and to it the pupil will learn imper- 
ceptibly to refer the bearing, motion, and distances of tne heavenly bodies. 

That meridional point in each map, whose declination corresponds with the latitude 
of the place of observation, represents the zenith of the heavens at that place ; and 
th^se constellations of stars which occupy this position en the maps, will be seen directly 
overhead at 9 o'clock in the evening of the day through which the meridian passes. 
Thus in Georgia, for instance, the starting point should be those stars which are situated 
in this meridian near the 88d degree of north declination, while in New England it 
should be those which are situated in it near the 42d degree. 

28. We might J however, begin with the stars near either ot 
the meridians represented on the maps, the only rule of selection 
being to commence at that which approaches nearest to being 
overhead at the time required. We have chosen for our starting 
point in this work that meridian which passes through the vernal 
equinox at the first point of Aries, not only because it is the 
meridian from which the distances of all the heavenly bodies are 
measured ; but especially because the student will thus be 
enabled to observe and compare th? progressive motion of the 
constellations according to the order in which they are always 
arranged in catalogues, and also to mark the constellations of 
the Zodiac passing overhead as they rise one after another in 
their order, and to trace among them the orbits of the Earth 
and of the other planets. 

r 

37. Wliat first important in commenc'ng study of the heavens? What star would 
«eem best starting point? Why? Wh> rwt the best? What point preferable, an| 
why? ninstration from map. 28. With what stars might we begin ? What merid^aa 
^o«en by 4ie author ? Why* 



PART I. 
THE CONSTELLATIONS 



CHAPTER I. 
CONSTELLATIONS ON THE MERIDLA^T IN NOVEMBER 

ANDROMEDA.— MAP II.* 

29. If we look directly overhead at 10 o'clock, on the IvAf. 
of November, we shall see the constellation celebrated in fable 
by the name of Andromeda. It is represented on the map by the 
figure of a woman having her arms extended, and chained by 
her wrists to a rock. It is bounded N. by Cassiopeia, E. by 
Perseus and the head of Medusa, and S. by the Triangles and 
the Northern Fish. It is situated between 20** and 60° of N. 
declination. Its mean right ascension is nearly 16°; or one 
hour E. of the equinoctial colure. 

30. It consists of 66 visible stars, of which three are of the 2d 
magnitude, and two of the 3d ; most of the rest are small. The 
stars directly in the zenith are too small to be seen in the pre- 
sence of the moon, but the bright star Almaack (y), of the 2d 
magnitude, in the left foot, may be seen 13° due E., and Merach 
(/J), of the same magnitude, in the girdle 7° south of the 
zenith. This star is then nearly on the meridian, and with two 
others N.W. of it forms the girdle. 

The three stars forming the girdle are of the 2d, 3d, and 4th 
magnitude, situated in a row, 3° and 4° apart, and are called 
Merach, Mu, and Nu. 

31. If a straight line, connecting Almaack with Merach, be 

* As the eastvard motion of the earth in her orbit caoses the ion to pass eastward 
Annually around the heavens, and the constellations to rise earlier and earlier (19), the 
student will find it necessary to proceed tastvoard around the heavens, in studying ths 
censtellations. And as the right hand of the map is west, and the left hand east, w« 
bpgin with the equinoctial colure, map II., and proceed to the ^ in the order in whicb 
the constellations successively arise. 



29. What constellation? Maps, and why? (Note.) How A&dromeda representetl 
Houndaries ? Situation ? Right ascension and declination ? SO. Number of stars 
lkl:ifi:ni'ude? Ahnaack? Merach? "Girdle?" 81. Situation of Delta ? Magnitude 
Huw otherwise known? Alpheratz? Substance of note (flue priLt)f 
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produced south -westerly, 8° farther, it will reach to {6) Delta, 
a star of the 3d magnitude in the left breast. This star may be 
otherwise known by its forming a line, N. and S., with two 
smaller ones on either side of it ; or, by its constituting, with 
two others, a very small triangle, S. of it. 

Nearly in a line with Almaack, Merach and Delta, but curv- 
ing a little to the N. 7° farther, is a lone star of the 2d magni- 
tude, in the head, called Alpheratz (a). This is the N.E. cor 
ner of the great " Square of Pegasus," to be hereafter described. 

It win be well to have the position of Alpheratz well fixed In the mind, because it in 
bat one minute west of the great equinoctial colure, or first meridian of the hearens, 
and forms nearly a right line with Algenib, in the wing of Pegasus, 14* S. of it, and with 
Beta in Cassiopeia, 30' N. of it. If a line, connecting these three stars, be produced, it 
will terminate in the pole. These three guides, in connection with the North Polar Star, 
^oiut out to astronomers the position of that great circle in the heavens from which the 
right ascension of all the heavenly bodies is measured. 

MYTHOLOGICAL HISTORY. 

82. The story of Andromeda, from which this constellation derives its name, is as follows: 
She was daughter of Cepheus, King of Ethiopia, by Cassiopeia. She was promised in 
marriage to Phineus, her uncle, when Neptune drowned the kingdom, and sent a sea 
monster to ravag<^ the country, to appease the resentment which his favorite nymphs 
bore against Cassiiopeia, because she had boasted herself fairer than Juno and the 
Nereides. The oracle of Jupiter Ammon was consulted, and nothing could pacify the 
anger of Neptune unless the beautiful Andromeda should be exposed to the sea monster. 
She was accordingly chained to a rock for this purpose, near Joppa (now Jaffa, in Syria), 
and at the moment the monster was going to devour her, Perseus, who was then return- 
Ing through the air from the conquest of the Gorgons, saw her, and was captivated by 
her beauty. 

" Chained to a rock she stood ; young Perseus stay*d 
His rapid flight, to woo the l)eauteou8 maid.'* 

He promised to deliver her and destroy the monster if Cepheus would give ber to 
him in marriage. Cepheus consented, and Perseus instantly changed the sea monster 
Into a rock, by showing him Medusa's head, which was still reeking in his hand. The 
enraged Phineus opposed their nuptials, and a violent battle ensued, in which he, also, 
was turned into a stone, by the petrifying influence of the Gorgon's head. 

The morals, maxims, and historical events of the ancients, were usually commonicated 
In fable or allegory. The faWe of Andromeda and the sea monster might mean that she 
was courted by some monster of a sea-captain, who attempted to carry her away, but 
w&a prevented by another more gallant and successful rival. 

TELESCOPIC OBJECTS. 

88. Under the head of Telescopic Objects, will be included clusters and nebulsa that 
nre visible to the naked eye, as well as the principal objects of interest that are strictly 
telescopic. In describing the location of these objects, R. A. will denote Bight Ascen- 
sion; and Dec, Declination. The initials N. and S. will indicate whether tho 
ieclination Is North or South of the equinoctial. 

In describing the location of the telescopic otJtject, the-R. A. will be given In^m^,' 
viz., in hourSf minutes^ and seconds^ instead of degrees, minutes, and seconds : each 
hour answering to IS". The hour circles are iistinctly drawn on all the maps, the first 
being 15* east of the equinoctial colure (Map \ L), and so on eastward to the same point 
again. The hours will be seen marked just under the equinoctial, which is marked ofl 
iHto degrees, each of which answers to four minutes of time. The itudentwill soon find 
it much more convenient to reckon R. A. by hourSy on the maps, than by degrees, kc. 

88. HrsTORi. — What may it have meant ? 

88. What included among Telescopic Objects ? What meant by R. A. ? Dec. ? N. and 
S.? How R. A. laid down? How on map? What mode of describing components of 
.Iniible stars? Of a Andromeda? Of discrepancies between R. A. given, and loca- 
tion of stars on the utps? How is R. A. ^ven iu locating objects? Why? Hovi 
are h'nirt marksd on the maps? The mlnutuif 
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84. In consetiuenee of the perpetual rei esHon of the equinoxes vestward, the R. A. 
of objects is constantly Increased by about 50" per year. It is vain, therefore, to attempt 
to give R. A. for the time when a hook toUl he iis^; or to construct maps that »rill 
sliow objects in their true place, for different years to come. The necessary allowance 
jiust be made in all oases ; so that the R. A.. for one epoch is about as good as another. 
The R. A. here given is from Smyth's CeleaUal Cyde^ epoch Jan. 1, 1840. Maps should 
be re-engravied every fifty years, but for all shorter periods allowance can be made by 
the student. As the maps accompanying this work were drawn and engraved in 1885, 
their present R. A. (1864) is about 17' or 4m. of time east of their places on the maps. 

86 The order in which the telescopic objects will be arranged is first the doable stars ; 
secondly, qlusters ; and lastly the nebulas. The double stars will be classed according 
to their order in the respective constellations ; i.e., a first, /? next, Ac. Thus, as tb.e 
largest objects are first named, the student can begin with those easiest found, avid 
requiring the least telescbpic power ; and proceed from the easier to those more difll- 
suit. The same plan is generally pursued with the clusters and nebul». 

T£X£SCOPIC OBJECTS IN ANDROMEDA. 

1. a Akdromieda (Alpheratz)— a star with a minute companion, R. A. Oh. jOm. OSs. • 
Dec., N. 28* 12' 06*. A. 1, bright white ; B. 11, purplish. On the map it is west of the 
equinoctial, the map having been engraved some twenty years ; but the equinox having 
constantly receded westward, had passed Alpheratz before 1840, some 8'. Similar dis- 
crepancies between the R. A. given and the location of different stars on the map, are 
due to the same cause. 

2. fl Andromeda (Merach) — A bright star with a distant telescopic companion, R. A. 
Ih. 00m. 47s. ; Dec, N. 84* 46' 08'. A. 2, fine yeUow ; B. 12, pale blue, with several smaU 
stars in the field. 

3. y Andromkda (Ahmaack)~-K splendid doublk stab on the right foot, R. A. Ih, 64m. 
Oda ; Dec. N. 41* 88' 06'. A. 8^, orange color ; B. 6^, emerald green. Found by a line 
from r$ to /9, and about twice as far beyond. (Map VIII., Fig. 1.) 

4. rf AMDROMEDiB — A bright star on the right breast, with a distant telescopic com- 
panion, R. A. Oh. 80m. 478. ; Dec, N. 29* 69' 01'. A. 8, c range ; B. 11 >i, dusky ; with the 
small stars in the southern part of the field. 

6. K AMOROUEDiB — A wide, but delicate tripls bt4r, in the northern hand ; midway 

between /? Pegasi and a Cassiopeia ; or about 18* from each ; R. A. 23h. 82m. 888 ; Dec, 
N 48° 27' 0*. A. 6, brilliant white; B. 14, dusky; C. 12, ash-colored. 

C. An Elongated Nebula on the lady's right foot, R. A,2h. 12m. 868. ; Dec, N.4]* 86*. 
It was discovered by Miss Caroline Herschell, in 1788. Sir William Herschell described 
it as having '*a black division or chink in the middle.'* He regarded it as a flat ring 
of enormous dimenrions, seen very obliquely. Captain Smyth says : '* In my telescope 
it is certainly brighter at the edges than along the central part." See map YIII., Fig. 31. 

7. About 2* from Nu at the north-western extremity of the girdle, R. A. 00* 84m. 06s., 
N. Dec, 40* 2^' 06% is a remarkable nebula of very minute stars, and the only one of 
the kind which is ever' visible to the naked eye. It resembles two cones of light, joined 
at their base, about %* in length, and ^* in breadth. It^'as known as far back aa A.D. 
906, is of an oral shape, and is described by Smyth as " an overpowering nebula, with 
a companion about 26' in the south vertical.** Sir William Herschell considered this the 
nesrest of all the great nebulas, and yet so remote that it would require 6,000 years fur 
liglu to pass from it to our system, though flying at the rate of 190,000 miles per second ! 
Fig. 22, map VUI., is a representation of this o^ect. 

PISCES (the fishes),— map V. 

36. This constellation is now the first in order of the twelve 
constellations of the Zodiac, and is usually represented by two 
fishes tied a considerable distance apart, at the extremities of a long 
undulating cord, or ribbon. It occupies a large triangular space 

84. What said of t>i change of R. A of objects? Cause? Epoch of R. A. given iu 
book? Of that marked on maps? Allowance to be made in flnding objects by mapa 
K6. Order in which objects are presented ? Advantage of this arrangement? 

TklkscopicObjects.— What double stars? a? j3? >? What dusters cr nebuUB 
W.cwn on map, or not? 

^ Pisces? Where situated? What now eallel ^ 



la the heavenSy and its oatline at first is somfewhat difficult to ht 
traced. 

In consequence of the annilsl precession of the stars, the constellation Pisces has nov 
eome to occupy the Ham Aries j each constellation having advanced one whole sign It 
the order of the Zodiac. The Sun enters the sign Pisces, while the Earth enters that of 
Virgo, about the 19th of February, but he does not reach the consteUaUon Pisces before 
the 6th of March. The Viihes, therefore, are now called the ** Leaders of the Celestial 
Hosts."*— iS^ Arie9, 

37. That loose assemblage of small stars dbectly south of 
Meraeh, in the constellation of Andromeda, constitutes the 
Northern Fish, whose mean length is about 16°, and breadth, 
7°. Its mean right ascension is 15°, and its declination 25° N. 
Consequently, it is on the meridian the 24th of November ; and 
from its breadth, is more than a week in passing over it. 

38. The Northern Fish and its ribbon, beginning at Meraeh, 
may by a train of small stars, be traced in a S. S. easterly direc- 
tion, for a distance of 33°, until we come to the star El Rischa, 
of the 3d magnitude, which is situated in the node, orflexv/re of 
the ribbon. This is the principal star in the constellation, and 
is situated 2° N. of the equinoctial, and 53 minutes east of the 
meridian. 

Seven degrees S. E. of El Rischa, passing by three or four very small stars, we come to 
Mira, in the whale, a star of about the 8d magnitude, and known as the " Wonderful 
Star of 1596.'* El Rischa may be otherwise identified by means of a remarkable cluster 
of fire stars in the form of a pentagon, about 15' E. of it. — Hoe Cetiia, 

39. From El Rischa the ribbon or cord makes a sudden 
flexure, doubling back across the ecliptic, where we meet with 
three stars of the fourth magnitude situated in a row 3 and 4° 
apart, marked on the map Zeta, Epsilon, Delta. From Delta 
the ribbon runs north and westerly along the Zodiac, and termi- 
nates at Beta, a star of the 4th magnitude, 11° S. of Markab 
in Pegasus. 

This part of the riblSon, Including the Western Fish at the end of it, has a mean 
declination of 6* N., and may be seen throughout the month of November, passing the 
meridian slowly to the W., near where the sun passes it on the 1st of April. 

40. Twelve degrees W. of this Fish, there are four small stars 
situated in the form of the letter Y. The two Fishes, and the 
cord between them, make two sides of a large triangle, 30° and 
40° in length, the open part of which is towards the N. W 
When the Northern Fish is on the meridian, the Western is 
learly two hours past it. This constellation is bounded N. by 

87. Northern Fish ? Length? Dec? When on the meridian ? 88. How trace th.. 
Northern Fish? To what star? Magnitude? WLere situated? 89. From El Risch.i I 
From Delta* Mean declination of this part of the ribbon? 40. What 12* wcflt q* 
this fish? WaaI do the two fishes, &e., make f Boundaries of HtCM? 
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Andromeda, W. by Andromeda and Pegasus, S. by the Cascade^ 
and E. by the Whale, the Ram and the Triangles. 

When, to enable the pupil to find any 8tar, its direction from another ii given, thf 
latter is always understood to be on the meridian. 

After a little experience with the maps, even though unaccompanied by directiona^ 
th^ ingenious youth will be able, of himself, t^ devise a great many expedients and facili- 
ties for tracing the constellations, or selectiiig out particular stars. 

In using a circumpolar map, face the pole, and hold it up in your hands In such a 
manner that the part which contains the name of the given month shall be uppermost 
and you will have a portraiture of the heavens as seen at that time. 

The constellations about the Antarctic Pole are not visible in the United States ,- 
those about the Arctic or Northern Pole, are always visible. 

HISTORY. 

41. The ancient Greeks, who have some fable to account for the origin of almoa- 
every constellation, say, that as Venus and her son Cupid were one day on the banks ot 
the Euphrates, they were greatly alarmed at the appearance of a terrible giant, named 
Typhon. Throwing themselves into the river, they were changed into fishes, and by 
this means escaped danger. To commemorate this event, Minerva placed two fishes 
among the stars. 

According to Ovid, Homer, and Virgil, this Typhon was a famous giant. He had a hun- 
dred heads, like those of a serpent or dragon. Flames of devouring fire darted from his 
mouth and eyes. He was no sooner born, than he made war against heaven, and so 
frightened the gods, that they fled and assumed different shapes. Jupiter became a 
ram: Mercury, an Ibis; Apollo, a crow; Juno, a cow; Bacchus, a goat; Pinna, a cat; 
Venus, a fish, &c. The father of the gods, at last, put Typhon to flight, and crushed biiu 
under Mount JBtna. 

The sentiment implied in the fable of this hideous monster, is evidently this : that 
there is in the world a description of men whose mouth is so *' full of cursing and bitter- 
ness," derison and violence, that modest virtue is sometimes forced to disguisA itsell^ 
or flee from their presence. 

In the Hebrew Zodiac, Pisces is allotted to the escutcheon of Simeon. 

No sign appears to have been considered of more malignant influence than I*U*:ei. 
The astrological calendar describes the emblems of this constellation as indicative of 
violence and death Both the Syrians and Egyptians abstained from eating fish, 
out of dread and abhorrence ; and when the latter would represent anything as odious, 
or express hatred by hieroglyphics, they painted KjUik, 

TELESCOPIC OBJECTS. 

1. a PisciCM {El liischa) — A close double star in the eastern extremity of the ribbon, 
R. A. Ih. bSm. 46s. ; Dec. N. 1* 59' 03*. A. 5, pale green ; B. 6, blue ; a splendid object, 
and easily found. 

2. ^ PisciUM — A neat double star in the ribbon, about 18* north-west of a, R. A. Ih. 
6m. 2Js. ; Dec. N. 6° 43' 07'. A. 6, silvery white ; B. 8, pale gray ; a fine object. 

8. <ft PisciuM — A close double star in the space between the two fishes, about half-way 
between y Andromeda and d Ceti; R. A. Ih. 2m. 81s. ; Dec. N. 6' 42'. A. 8, white; 

B. 14, pale blue. 

4. A neat DotTBLB star, about 4* south of Algenib, in the wing of Pegasus, R. A. Oh 
Im. 68s. ; Dec. N. 10* 14' 06'. A. 6, silvery white ; B. 18)<, pale blue. 

5. A FAINT NEBULA in the eye of the western Fish, about 10* south-haif-e.ast of Mar- 
kab, near y Piscinm ; R. A. 28b. 06m. 86s. ; Dec. 8* 89' V : a very difficult object. 

CASSIOPEIA.— MAP YI. 

42. Cassiopeia is represented on the celestial nsap in regal state 
seated on a throne or cliair, holdinj^ in her left hand the branch 

41. HiTTORT? — Greek account? Ovid's and others? Sentiment or moral? Hebrei 
7<3diac? Astrology? 

Tblfsoopig 0bj£CT8.— Double stars Clusters? Nebulss? Shown on map, or not? 

42. CattsiopeiaT How represented Head? 



of a palm tree. Her head and body are seeu in the Milky Way. 
H 2r foot rests npon the Arctic Circle, npon which her chair it 
placed She is surrounded by the chief personages of her roya' 
family. The king, her husband, is on her right hand — Perseus, 
her son-in-law, on her left— aiid Andromeda, her daughter, just 
above her. 

43. This constellation is situated 26° N. of Andromeda, and 
midway between it and the North Polar Star. It may be seen 
from our latitude, at all hours of the night, and may be traced 
out at almost any season of the year. Its mean declination is 
60* N. and its right ascension 12*. It is on our meridian the 
22d of November, but does not sensibly change its position for 
several days ; for it should be remembered that the apparem 
motion of the stars becomes slower and slower, as they approxi- 
mate the poles. 

44. Cassiopeia is a beautiful constellation, containing 55 stars 
that are visible to the naked eye ; of which four are of the 3d 
magnitude, and so situated as to form, with one or two smaller 
ones, the figure of an inverted chair. 



-" Wide ner stars 



Dispersed, nor shine with mutual aid improved; 
Nor dazzle, brilliant with contiguous flame : 
Their number llfty-five." 

45. Cajphy in the garland of the chair, is almost exactly in the 
equinoctial colure, 30* N.of Alpheratz, with which, and the 
Polar Star, it forms a straight line. Caph is therefore on the 
meridian the 10th of November, and one hour past it on the 
24th. It is the westernmost star of the bright cluster. Shediry 
in the breast, is the uppermost star of the five bright ones, and 
is 5° S. E. of Caph : the other three bright ones, forming the 
chair, are easily distingmshed, as they meet the eye at the first 
glance. 

There is an importance attached to the position of Caph thai 
concerns the mariner and the surveyor. It is used, in connec- 
tion with observations on the Polar Star, for determining the 
latitude of places, and for discovering the magnetic variation of 
the needle. 

46. It is generally supposed that the North Polar Star, so 
called, is the real inmiovable pole of the heavens : but this is a 
mistake. It is 50 ntar the true pole that it has obtained the 

43. Sitnation? How seen? R. A. and Dec? When on meridian ? 44. Nurabe^ of 
■tars? Magnitudes? Figure? Character of this constellation? 45. Caph? Hoti 
■ituated? tVheo on nerid'an? Shedir? Importance attached to Caph? 46. PoU 
sUr? Ii it th« tree jwle? What variat ')nf How pole star situated with referenco u 
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appellation of the North Polar Star ; but it is, in reality, more 
than a degree and a half distant from it, and reyolves about the 
true pole every 24 hours, in a circle whose radius is 1° 31'. It 
will consequently, in 24 hours, be twice on the meridian, once 
above^ and once below the pole ; and twice at its greatest elongar 
tion E. and W. 

The Polar Star not being exactly in th« N. pole of the heavens, but ons degrti^ ana 
81 f*iim,}Ue8 on that side of it which is towards Caph, the position of the latter becomea 
Important^ as it always shows on which side of the tnte pole the polar star is. 

There is another important fact in relation to the position of this star. It is ^qyidiA- 
tant trovn the pole, and exactly opposite another remarkable star in the square of the 
Great Bear, on the other side of the pole. {See Megret.} It also serves to mark a spot 
in the starry heavens, rendered memorable as being fhe place of a lost star. Two hun- 
dred and filty years ago, a bright star shone 6' N. N. E. of Caph, where now is a 
dark void! 

On the 8th of November, 1572, Tycho Brahe and Cornelius Gemma saw a star in the 
constellation of Cassiopeia, which became, all at once, so brilliant, that it surpassed tlie 
splendor of the brightest planets, and might be seen even at noonday. Gradually, 
this great brilliancy diminished, until tho 15th of March, 1578, when, without moving 
from its place, it became utterly extinct. 

Its color, during this time, exhibited all the phenomena of a prodigiooa flame — first, 
it was of a daszling white, then of a reddish yellow, and lastly of an ashy paleness, in 
which its light expired. It is impossible, says Mrs. Somerville, to imagine anything 
more tremendous than a conflagration that could be visible at such a distance. It was 
seen for sixteen months. Some astronomers imagined that it would reappear again 
after 160 years ; but it has never been discovered since. This phenomenon alarmed all 
the astronomers of the age, who beheld it ; and many of them wrote dissertations con- 
cerning it. 

Rev. Professor Yince, one of the most learned and pious astronomers of the age, hat 
this remark : — '* The disappearance of some stars may be the destruction of that system 
at the time appointed by the Deity for the probation of its inhabitants ; and the appear- 
ance of new stars may be the formation of new systems for new races of beings then 
called into existence to adore the works of their Creator." 

Thus, we may conceive the Deity to have been employed from all eternity, and thai 
he may continue to be employed for endless ages ; forming new systems of beings to 
adore him ; and transpl-inting beings already formed into happier regions, who will con- 
tinue to rise higher and higher in their etgoymeuts, and go on to contemplate lystem 
after system through tho boundless universe. 

La Placb says : — As to those stars which suddenly shine forth with a very vivid light, 
and then immediately disappear^ it is extremely probable that great conflagrationi, pro* 
duced by extraordinary causes, take place on their surface. This conjecture, continuet 
he, is confirmed by their change of color, which is analogous to that pr ^sented to na on 
the earth by those bodies which are set on fire, and then gradually extinguished. 

The late eminent Dr. Gtood also observes that — Worlds, and qrstems of worlds, are oM 
only perpetually creating, but also perpetually dl8a)>Dearinff. It is an extraordinary fact, . 
that witliin the period of the last century, not less than thirteen stars, in difl'erent con- 
stellations, seem to have totally perished, and ten new ones to have been created. In 
many instances it is unquestionable, that the stars themselves, the supposed habitation 
of other kinds or orders of intelligent beings, together with tlie different planets by 
which it is probable they were surrounded, have utterly vanished, and the spots wliich 
they occupied in the heavens have become blanks I What has befallen other systems will 
assuredly befall our own. Of the time and the mam er we know nothing, but the fact is 
Incontrovertible ; it is foretold by revelation ; it is inscribed in the heavens ; it is feit 
through the earth. Such is the awful and daily text ; what then ought to be the commentf 

The great and good Beza, falling in with the superstition of his age, attempted to prove 
th&i this was a comet, or the same luminous appearance which conducted the raagi, or 
wise men of the East, into Palestine, at the birth of our Saviour, and that it now appeared 
ko announce his second coming. 

Caph f What other important fact in relation to the position of Caph ? What remark- 
able fact stated? By whom attested? Describe phenomenon? Mrs. Somerville*! 
remark? Other astronomers*? Professor Vlncc*i remarks? The aatbor*it la 
Place*!? Dr. Good*s? Besa*s? 
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HISTORY. 

Owfl>»peIu waft the wife of Cepheua, King of Ethiopia, and mother of Andromeaa. She 
WHS a qaeen of matchless beauty, and seemed to be sensible of it ; for she even boasted 
herself fairer than Juno, the sister of Jupiter, or the Nereides — a name givea to the sea> 
nymphs. This so provoked the ladies of the sea, that they complained to Neptune of the 
insult, who sent a frightful monster to ravage her coast, as a punishment for her inso* 
lence. But the anger of Neptune and the jealousy of the nymphs were not thus appeased 
They demanded, and it was finally ordained that Cassiopeia should chain her daughter 
^dromeda, whom she tenderly loved, to a desert rock on the beach, and leave her 
exposed to Uie fury of this monster. She was thus left, and the monster a proached « 
but jost as he wat going to devour her, Perseus killed him. 

** The saviour youth the royal pair confess. 
And with heavM hands, their daughter's bridegroom bless.** 

Eu9den?9 Otid, 

TELESCOPIC OBJECTS. 

1. a OASSioPKiB (5A«Mr)— A bright star, with a companion in the bosom of the figure , 
R. A Oh. 81m 298.; Dec. 66* 89' 05'. A 8, pale rose tint; B 103$, small blue. &^-th 
and Herscbell note Shedir as variable. 

2. /? CA88I0PKJC (OtzpA)— A bright star on the left side, with a minute compaaion; 
R. A. Oh. Om. 428.; Dec. N. 58* 16' 08'. A 2^, whitish; B 113$, dusky. L(H)k directly 
opposite MegriHf in the great dipper, through the pole star, and about as far beyond. 

8. y CASSiOPBiK — ^A bright star with a distant companion on the right side of the figure ; 
R. A. Oh. 47ra. 058. ; Dec. N. 59' 50' 08'. A 8, brilliant white; B 18, blue. Many smaU 
stars in the field. 

4. 7f Oassiopbjb— A BiHABT 8TAR, about 4* firom a towards Polaris ; R. A. Oh. 89m. 27s. , 
Dec. N. 56* 57' 09*. A. 4, pale white ; B. 7)$, purple. Estimated period 700 yeais. 

5. fi CassiopKuB — A coarse triple star in the right elbow ; R. A. Oh. 57m. 288. ; Dec. N. 
54* 08' 01'. A 5>$, deep yellow; B 14, pale blue ; C 11, bluish. Several small stars in the 
field. 

6. ff CAflSiOPBJi — ^A beautiftil double star in the left elbow ; R. A*. 28h. 50m. 65s. ; Dec. 
N. 54* 61' 06*. A 6, flushed white ; B 8, smalt blue ; the colors clear and distinct. 

7. A coarse quabruplb star, just south of Cei)heu8' right hand ; or about 27* south- 
■outh-west of Polaris, on a line drawn over y Cephei. R. A. 2dh. 17m. 458. ; Dec. N. 61' 
84' 08*. A 6, pale yellow ; B 9, yellowish ; C 11, and D, 18, both blue. 

8. A LARQB AKD 8TRA6GLIM0 CLUSTBR, between the footstool of Cassiopeia and the head of 
Cepheus ; R. A. Oh. 18m. 10s. ; Dec. N. 70* 80' OS'. A line from y Cassiopeaa, % the dia 
tance to y Cephei, will fall upon this object. A coarse double star in the fleld. 

9. A RICH, BDT aoMXWHAT 8TRAQ0UN0 CLUSTER; R. A. Oh. 24m. 58.; Dec. N. 62* 28' 09*. 
Vicinity splendidly strewed with stars — a double star in the centre. Look near the 
•tar K' ^ 

10. A LOOBB CLUSTER, Including a small double star ; R. A. Oh. 84m. 15s. ; Dec. N. 60* 
64' 07*. A 83$, B 11, both pale. Situated just half way between y and k- 

11. A LOOSE CLUSTER of Small stars ; R. A. Oh. 58m. 198. ; Dec. N. 60* 44'. On a line firom 
y towards e* about ^i the distance. 

12. A 0LU8TEB and neat double star on a line from a through Si ^nd about 23$* beyond. 
In an degant field of large and small stars. 

18. A Fim OALAXT Cluster of minute stars, about 8* south-west of /?« and about the 
same distance west of a. R. A. 28h. 49m. 078. : Dec. N. 55* 49' 06*. A glorious assem- 
blage, both in extent and richness. Resembles a crab, having spangled rays of stare, 
spreading over many fields. Hap YIII., Fig. 28. 

CEPHEUS.— MAP YI. 

4.1. Cepheus is represented on the map as a king, in his royfJ 
robe^ with a sceptre in his left hand, and a orown of stars upon 

History? — ^Who was Cassiopeia ? Personal appearance ? Sad consequences f Rescui T 
I'PLBSCOPio Objects '—Double and multiple stars ? Clusters? What shown on ouip? 
47. How is Cepheus represented ? Where situated ? 
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his head. He stands in a commanding posture, with his left 
foot over the pole, and his sceptre extended towards Casnopeia, 
OS if for favor and defence of the queen. 

" Cepheos illumes 
The neighboring heavens ; still faithful to his queen, 
With thirty-five faint luminaries markM." 

This constellation is about 25* N. W. of Cassiopeia, near the Sd coil of Draco, and if on 
the meridian at 8 o'cloclc the 3d of November ; but it will linger near it for many days 
Like Cassiopeia, it may be seen at a.1 hours of the night, when the sky is clear, for to us U 
never sets. 

By reference to the lines on the map, which all meet in the pole, it will be evident that 
a star, near the pole, moves over a mtcch less space in one hour, than one at the equi- 
noctial ; and generally, the nearer the pole, the narrower the space, and the slower 
the mqtion. 

The stars that are so near the pole may be better described by their polar dUAanoc^ 
than by their de*:lination. By polar distance is meant, the (Uatance from the pole, an J 
u what the declination wants of 90*. 

48. In this constellation there are 35 stars visible to the 
naked eye ; of these, there glitters on the left shoulder, a star 
of the 3d magnitude, called Alderamin^ which with two others of 
the same brightness, 8° and 12° apart, form a slightly curved 
line towards the N. E. The last, whose letter name is Gamroa, 
is in the right knee, 19° N. of Caph, in Cassiopeia. The middle 
one in the line is Alphirk, hi the girdle. This star is one-third 
of the distance from Alderamiu to the pole, and nearly in the 
same right line. 

It cannot be too well understood that the bearings, or direction of one star firom 
another, as given in this treatise, are strictly applicable only when the latter one Is on, 
or near the meridian. The bearings given, in many cases, are not the least approxima- 
tions to what appears to be their relative position ; and in some, if relied upon, will lead 
to errors. For example : — It is said in the preceding paragraph, that Gamma, in Cepheos, 
bears 19* N. of Caph in Cassiopeia. This is true, when Caph is on the meridian, but at 
this very moment, while the author is writing this line. Gamma appears to be 19* du6 
tcest of Caph ; and six months hence, will appear to be the same distance east of It. 
The reason is obvious ; the circle which Cepheus appears to describe about the pole, is 
within that of Cassiopeia, and consequently when on the east side of the pole, will be 
within^ or between Cassiopeia and the pole — that is, west of Cassiopeia. And for the 
same reason, when Cepheus is on the west side of the pole, it is between that and Cassio- 
peia, or east of it. 

Let it also be remembered, that in speaking of the pole, which we shall have frequent 
occasion to do, in the course of this work, the North Polar Star or any imaginary point 
very near it, is always meant ; and not, as some will vaguely apprehend, a point vn Ihc 
horizon, directly N. of us. The true pole of the heavens is always elevated just as many 
degrees above our horizon, as we are north of the Equator. If we live in 42* N. latitude, 
tlie N. pole will be 42* above our horizon. (See North Polar Star.) 

49. There are also two smaller stars about 9° E. of Aldera- 
miu and Alphirk, with which they form a square ; Alderamin 
being the upper, and Alphirk the lower one on the W. 8° apart. 
In the centre of this square there is a bright dot, or semi-visible 
star. 

The head of Cepheus is in the Milky-Way, and may be known 

48. Number of stars visible? Principal stars? Situation? 4P. Wliat other stara 
and sitofttion ? Situation of the head^ and how known ? Distance of this Asteriim fraa 
tiie pole star ? 
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hy tiiree stars of the 4 th magnitude in the crown, which form a 
small acute triangle, about 9° to the right of Alderamin. The 
mean polar distance of the constellation is 25°, while that of 
Alderamin is 28° 10'. The right ascension of the former is 
338° ; consequently, it is 22° E. of the equinoctial colure. 

The student will understand that nght ascension is reckoned on the equinoctial, frooti 
the IL'st point of Aries, E., quite round to the same point again, which is 860*. Now, 
S38* measured from the same point, will reach the same point again, within 22' ; which in 
the difference between 860* and 888*. This rule will apply to any other case. 

HISTORY. 

This constellation immortalises the name of the king of Ethiopia. The name of his 
queen was Cassiopeia. They were the parents of Andromeda, who^ was betrothed to 
Perseus. Cepheus was one of the Argonauts who accompanied Jason on his perilous 
expedition in quest of the golden fleece. Newton supposes that it was owing to this 
circumstance that he was placed in the heavens ; and that not only this, but all the 
ancient constellations, relate to the Argonautic expedition, or to persons some way con- 
nected with it. Thus, he observes, that as Musseus, one of the Argonauts, was the first 
Greek who made a celestial sphere, he would naturally delineate on it tho8<* figures which 
had some reference to the expedition. Accordingly, we have on our globes to this day 
the Golden Bain^ the ensign of the ship in which Phryxus fled to Colchis, the scene o ' 
the Argonautic achievements. We have also the BvU with brazen hoofs, tamed by 
Jason ; the TwinSy Castor and Pollux, two sailors, with their mother Leda^ in the forixi 
of AStDoriy SkudArgOy the ship itself; the watchful Dragon^ Hydra, with the Gup of 
Medea, and a raven upon its carcase, as an emolem of deatli ; also Chiron^ the Mastei 
ot Jason, with his ^Aar and Saorifioe; HerculeBy the Argonaut, with his c^, his dart. 
and vulture, with the dragon^ crab^ and Hon which he slew ; and Orpheus^ one of the 
company, with his harp. All these, says Newton, refer to the Argonauts. 

Again ; we have Orion, the son of Neptune, or, as some say, the grandson of Minos, 
with his doff8, and hare^ and river, and scorpion. We have the story of Perseus in the 
constellation of that name, as well as in Cassiopeia, Cepheus, Andromeda, and Cetus : 
that of Calisto and her son Areas, in Ursa Major ; that of Icarius, and his daughter 
Erigone, in Bootes and Virgo. Ursa Minor relates to one of the nurses of Jupiter 
Awriga^ to Erichtonius ; Ophiuchtis^ to Phorbas ; Sagittaritu, to Crolus, the son of ont 
of the Muses ; Capricorn, to Pan, and Aquarius to Ganymede. We hav<e also Ariadne*^ 
erown^ BeUerophon*s horse, Neptune's dolphin^ Ganymede's eagle^ Jupiter's goai, with 
her kids, the asses of Bacchus, the fishes of Venus and Cupid, with their parent, the 
southern fish. These, according to Deltoton, comprise the Grecian constellations men- 
tioned by the poet Aratus ; and all relate, as Newton supposes, remotely or immediately 
to the Argonauts. 

It may be remarked, however, that while none of these figures refer to any transactions 
of a later date than the Argonautic expedition, yet the great disagreement which appears 
in the mythological account of them, proves that their invention must have been o 
greater antiquity than that event, and that these constellations were received for some 
time among the Greeks, before their poets referred to them in describing the particulai <« 
of that memorable expedition. 

TELESCOPIC OBJECTS. 

1. a CiPRBi {AlderamifC^ A fihk star, with a distant companion on the left shouldor 
of Cepheus; R. A., 21h. 15m. ; Dec, 61* 54'. It is about half way between Polaris and 
Deneb, and 8* south-west from ^ CepheL A 8, white ; B 10, pale blue, with a companicu 
of the same magnitude and color. 

2. fi Ckphki (Alphirk) — A doublk star on the left side of the girdle of Cepheus, two- 
thirds of the distance from Polaris to Alderamin. A 8, white ; B 8, bine, with a very 
minute double star preceding. 

8. y Gbphki {Er Baiy—h doublk star in the knee of Cepheus, with a distant telescoi to 
companion on the preceding parallel. A 3, yellow ; B 14, dusky. R. A., S^h. 82m. 47b. ; 
Dec, N. 76* 44' 7'. This star will be the Pole star in about 2860 years. 

HiSTORT.— Who was Cepheus f Why placed in the heavens * What Mid of the origto 
af other constellations ? 
TsLUOOPioOiuaoTS.— Alpha? Beta, kc.^ Whatclnsteri? 

B.O. 2 
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4. () CcPBsr ( Var) in the crown of Cephens, a fine, though wide dohblb stas ; R. A. 22h. 
Win. 14s. ; Dec., N. 57* 85' 9'. A 4^, orange tint; B 7, fine blue— the colors in fine ecu* 
trast. This star is variable^ with a period of 5d. 8h. 80m. 

5. A LAROB AND RICH CLUSTER on the left elbow ; R. A., 20h. 28m. 17b. ; Dec, N. 60* 09* 

^'. It is 12* due north of a Cygni ; and 8* west-south-west of V Cephei. ** A grand but 
distant collocation of suns bound together by mutual relations.^ 

\ An irregular cluster between the head of Cepheus and the chain of Andromeda ; 
R. A., 28h. 17m. 10s. ; Dec., N. 60* 48' 1'. It is about one-third of the distanco froa 

6 CassiopesB to a Cephei ; and may be seen on Map YI., near the sceptre of Cepheus 
Por a telescopic view, see Map YIII., Fig. 24. 



CHAPTER II. 

CONSTELLATIONS ON THE MERIDIAN 1^ DECEMBER. 

ARIES (the ram).— map II. 

50. TwENTT-Two centuries ago, as Hipparchus informs ns, 
this constellation occupied the first sign in the ecliptic, com- 
mencing at the vernal equinox. But as the constellations gain 
about 50" on the equinox, at every revolution of the heavens,* 
they have advanced in the ecliptic nearly 31° beyond it, or more 
than a whole sign : so that the Fishes now occupy the same 
place in the Zodiac, that Aries did in the time of Hipparchus ; 
while the constellation Aries is now in the sign Taurus, Taurus 
in Gemini, and Gemini in Cancer, and so on. 

Aries is therefore now the second constellation in the Zodia«. It is situated next east 
•f Pisces, and is midway between the Triangles and the Fly on the N. and the head of 
Ovtus on the S. It contains 66 stars, 9f which, one ia of the 2d, one of the 8d, and two of 
tb0 4th magnitudes. 

" First, from the east, the Ram conducts the year; 
Whom Ptolemy with twice nine stars adorns, 
Of which two only claim the second rank ; 
The rest, when Cynthia fills the sign, are lost.** 

Aries is readily distinguished by means of two bright stars in the head, about 4* apart, 
the brightest being the most north-easterly of the two. The first, which is of the Sd 
magnitude, situated in the right horn, is called Alpha Arietis, or simply ArieUs ; the 
other, which is of the 8d magnitude, lying near the left horn, is called Sheratan, and may 
ke known by another star of the 4tb magnitude, in the ear, IH' S. of it, called Mesarihim^ 
which is iXxeJirat star in this constellation. 

Arietis and Sheratan, are one instance out of many, where stars of more than ordinary 
brightness are seen together in pcUra^ as in the Twins, the Little Dog, ike, the brighte«l 
Itar being commonly on the east. 

* See " Precession of the Equinoxes,** page 270. 

<:0. Constellations in this chapter? Aries 22 centuries agot Now; and why T Iluv 
(Ifedaviidhod ? Arietis and SberatOQ f 
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51. The position of Arietis aflFords important facilities to 
nautical science. Difficult to comprehend as it may be, to the 
unlearned, the skilful navigator who should be lost upon an 
unknown sea, or in the midst of the Pacific ocean, could, by 
measuring the distance between Arietis and the Moon, which 
often passes near it, determine at once not only the spot he was 
in, but his true course and distance to any known meridian or 
harbor on the earth. See Part II., page 206. 

Arietis comes to the meridian about 12 minutes after Shera- 
tan, on the 5th December, near where the sun does in midsum- 
mer. Arietis, also, is nearly on the same meridian with Almaack, 
in the foot of Andromeda, 19° N. of it, and culminates only 
four minutes after it. The other stars in this constellation are 
quite small, constituting that loose cluster which we see between 
the Fly on the north, and the head of Cetus on the south. 

When Arietis is on the mg'idian, Andromeda and Cassiopeia 
are a little past the meridian, nearly overhead, and Perseus with 
the head of Medusa, is as far to the east of it. Taurus and 
Auriga are two or three hours lower down ; Orion appears in 
the S. E., and the Whale on the meridian, just below Aries, 
while Pegasus and the Swan are seen half-way over in the west. 

The manner In which the ancients divided the Zodiac into 12 equal parts, was both 
simple and ingenious. Having no instrument that would measure time exactly, ** they 
took a vessel, with a small hole in the bottom, and having filled it with water, suffered the 
tame to distill, drop by drop, into another vessel set beneath to receive it, beginning at 
the moment when some star rose, and continuing till it rose the next following night, when 
tt would have performed one complete revolution in the heavens. The water falling down 
Into the receiver they divided into twelve equal parts ; and having twelve other small 
vessels in readiness, each of them capable of containing one part, they again poured all 
the water into the upper vessel, and observing the rising of some star in the Zodiac, at 
tbe same time suffered the water to drop into one of the small vessels. And as soon as it 
was fall, they removed it, and set an empty one in its place.' Just as each vessel was full, 
they took notice what star of the Zodiac rose at that time, and thus continued the process 
through the year, until the 12 vessels were filled." 

Thus the Zodiac was divided into 12 equal portions, correspond!'- g to the 12 months of 
the year, commencing at the vernal equinox. Each of these i ^rtions served as the 
visible representative or ttign of the month it appeared in. 

All those stars in the Zodiac which were ob&erved to rise while the first vessel was fill- 
ing, were constellated and included in the first sign, and called ArieSy 9ji animal held in 
great esteem by the shepherds of Chaldea. All those stars in the Zodiac which rose while 
the second vessel was ^ling, were constellated and included in the second sigi^ whicli, 
for a similar reason, was denominated Taurus; and all those stars which were observed 
to rise while the third vessel was filling, were constellated in the tMrd sign, and called 
Qemini, in allusion to the twin season of the flocks. 

Thus each sign of 80* in the Zodiac, received a distinctive appellation, according to the 
fancy or superstition of the inventors ; which names have ever since been retained, 
although the constellations themselves have since left their nominal signs more than 80* 
oehind. The sign Aries, therefore, included all the stars embraced in the first 80* of the 
Zodiac, and no more. The sign Taurus, in like manner, included all those stars embraced 

M Position of Arietis ? Importance to mariners ? When come to meridian ? Where 
Andr--neda and Cassiopeia then ? Perseus ? Taurus, Auriga, Orion, Pegasus and Swan f 
What f, other stars in Aries f Ancient method of dividing the Zodiac f Namoo U 
ilgup y 
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Ib tUe next 80* of the Zodiac, ur those between 80* and 60*, and so of the rest Of tkooo 
▼ho im<tg.ne that the twelve constellattuns of the Zodiac refer to the twelve triboagf 
Israel, s-»me ascribe Aries to the tribe of Simeon, and others, to Gad. 

HISTORY. 

Acca.'jing to fable, this is the ram which bore the golden fleece, and carried Phryxus 
and his sister Uelle throngh the air, when they fled to Colchis from the persecution of their 
stepmother Ino. The rapid motion of the ram in his aerial flight high above the earth, 
caused the head of Helle to turn with giddiness, and she fell from his back into that pari 
of the sea which was afterwards called Hellesponty in commemoration of the dreadful 
event. Phryxus arrived safe at Colchis, but was soon murdered by his own father-in-law 
£tes, who envied him his golden treasure. This gave rise to the celebrated Argonautii 
expeditioc under the command of Jason, for the recovery of the golden fleece. 

Nephele, Queen of Thebes, having provided her children, Phryxus and Uelle, with this 
noble animal, upon which they might elude the wicked designs of those who sought their 
life, was afterwards changed into a cloud, as a reward for her parental solicitude ; and 
the Greeks ever after called the clouds by her name. But the most probable account of 
the origin of this constellation is given in a preceding paragraph, where it Is referred to 
the flocks of the Chaldean shepherds. 

During the campaigns of the French army in Egypt, General Dessaix discovered among 
the ruins at Dendera, near the banks of the Nile, the great tempio supposed by some to 
have been dedicated to Isis, the female deity of the Egyptians, wLo believed that the ris- 
ing of the Nile was occasioned by the tears which she continui»ry shed for the loss of her 
brother Osiris, who was murdered by Typhon. Others suppoje this edifice was erected 
for astronomical purposes, from the circumstance that t'jo Zodiacs were discover<^d, 
drawn upon the ceiling, on opposite sides. On both ttoJfl Zodiacs the equinoctial points 
are in Leo, and not in Aries ; from which it has been concluded, by those who pertiua- 
ciously endeavor to array the arguments of science against the chronology of the Bible 
and the validity of the Mosaio account, that these Zodiacs were constructed when the sun 
entered the sign Leo, which must have been 9720 years ago, or 4000 years before tbe 
inspired account of the creation. The infidel writers in France and Germany make it 
10,000 years before. But we may " set to our seal,'* that whatever is true in fact and cor- 
rect in inference on this subject will be found, in the end, not only consistent with the 
Mosaic record, but with the common meaning of the expressions it uses. 

The discovery of Champollion has put this question for ever at rest; and M. Latronne, 
a most learned antiquary, has very satisfactorily demonstrated that these Egyptian 
Zodiacs are merely the horoscopes of distinguished personages, or the precise situation 
of the heavenly bod: os in the Zodiac at their nativity. The idea that such was their pur- 
pose and origin, drst suggested itself to this gentleman on finding, in the box of a mummy, 
a similar Zodiac, with such inscriptions and characters as determined it to be the horo- 
scope of the deceased person. 

Of all the discoveries of the antiquary among the relics of ancient Greece, the ruins o. 

Palmyra, the gigantic pyramids of Egypt, the temples of their gods, or the sepulchres of 

"heir kings, scarcely one so aroused and riveted the curiosity of the learned, as did the 

dscovery of Champollion the younger, which didphera tfie hiwoglyp/Uos of ancient 

Igypt. 

The potency of this invaluable discovery has already been signally manifested In set- 
ting a formidable cont )versy between the champions of infidelity and those who main- 
din the Bible account .f the creation. It has been shown that the constellation JHsces, 
since the days of Hipparchus, has come, by reason of the annual precession, to occupy 
the same apparent place in the heavens that Aries did two thousand years ago. The 
Christian astronomer and the infidel are perfectly agreed as to the /act, and the <tmoui%t 
of this yearly gain in the apparent motion of the stars. They both believe, and both can 
demonstrate, that the fixed stars have gone forward in the Zodiac about 50' of a degree 
\n every revolution of the heavens since the creation ; so that were the world to light 
upon any authentic inscription or record of past ages, which should give the true posi- 
tion or longitude of any particular star at that time, it would be easy to fix an unques- 
tionable date to such a record. Accordingly, when the famous " Egyptian Zodiacs," 
which were sculptured on the walls of the temple at Dendera, were brought away sn 
ti<i«M, and exhibited in the Louvre at Paris, they enkindled a more exciting interest in 
the thousands who saw them, than ever did the entrance of Napoleon. ** Educated men 
u( every order, and those who had the vanity to think themselves such," says the com- 
weulator of Champollion, " rushed to behold the Zodiacs. These Zodiacs were Imme* 
liately published and commented upon, with more or less good faitn and decorum. 

HieroBT.— Discovery in Egypt? Use made of the Zodiacs? What did they proTO If 
S»e 1 How ascertained ? Who most zealous in opposing revelation ? Means emplofwll 
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Science struck out hito systems very bold ; and the spirit of infidelity, srUang upnn tb« 
discovery, flattered itself with the hope of drawing from th'ince new st i'port. It wa. 
taviubtifiably taken for granted, that the ruins of Egypt fUrnisheJ astron'^my with monu- 
meuts, containing observations that exhibited the state of the heave us in the most 
remote periods. Starting with this assumption, a pretence was made of demonstrating 
by means of calculations received as infallible, that the celestial appearances assigned 
to these monuments extended back from forty-five to sixty-five centuries; that the 
Zodiacal system to which they must belong, dated back fifteen thousand years, and must 
reach fUr beyond the limits assigned by Moses to the existence of the world." Among 
those who stood forth more or less bold as the adversaries of Revelation, the most pro- 
minent was M. Dupuis, the famous author of Vorigine detouH lea CuUes. 

The infidelity of Dupuis was spread about by means of pamphlets, and \hs advocates 
of the Mosaic account were scandalized *■'■ until a new Alexander arose to cut the Gordiao 
icnot, which metf had vainly sought to untie. This was Champollion the yo uiger, armed 
with his discor *ry." The hieroglyphics now speak a language that all car understaci, 
and no one gainsay. **■ The Egyptian Zodiacs, then," says Latronne, '* relate ^n no respect 
fco astronomy, but to the idle- phantasies of judicial astrology, as connected <fith *he des- 
tinies of the emperors who made or completed them." 

TELESCOPIC OBJECTS. 

1. a Aribtis — A DOUBUc STAR in the Ram*8 forehead; R. A. Ih. 5Sm. 10s « Dec. N^. 23* 
4^' 02'. A 8, yellow; B 11, purple. 

Two thousand years ago the first meridian or Vernal Equinox passed through th* 
star ; but the recession of the equinox at the slow rate of SO' per year, has, in that lengt) 
of time, carried the equinoctial nearly 60° to the west, where we now find it. S^e thL 
subject explained in the second part of the book. 

2. /? Arietis {Sheraian) — A bright star with a distant companion in the coil o' the 
right horn ; R. A. Ih. 45m. 49s. ; Dec. N. 20* 01' 04*. A 8, pearly white ; B 11, dusky. 

8. y Arietis lMe8arthiiny—& double stab just south of/?; R. A. Ih. 44m. 45s. ; Dec. N. 
18* 80' 05'. A 4>$, bright white ; B 5, pale grey. A fine object. Map YIIL, Fig. 2. 

4. e Arietis— A vert close double star near the root of the tail, and between it and 
Musca; R. A. 2h. 60m. 04s.; Dec. N. 20* 41' 08'. A 5, pale yeUow; B &}i^ whitish. It 
requires a good telescope to separate them. 

5. TT Arietis — A neat triple star in the haunch, about one-third of the distance from 

^ Arietis to Aldebaran ; R. A. 2h. 40m. 22s. ; Dec. N. 16* 47' 08'. A 5, pale yellow ; P 
8>ii, flushed; C 11, dusky. A beautiful trio. 

6. A QUADRUPLE STAR half Way between a and y under the right horn ; R. A. Ih. 50m. 
48s. ; Dec. N. 20* 16' 07'. A 6, topaz yellow ; B 15, deep blue ; C 10, lilac ; D, pale blue 
An exquisite object. 

7. A BOUBO NEBULA near y Arietis, and just east of it ; R. A. Ih. 60m. 84s. ; Dec. N 
\%* 18' 06*. It is large and pale, and lies among some small stars, some of which form « 
curve across Vie south part of the field. 



TRIANGULA (THE TRIANGLES).— MAP II. 

52. The Triangles are situated between the head of Aries on 
the north, and the feet of Andromeda on the south. R. A. 
2h.; Dec. N. 30°. They contain two stars of the 4th magni- 
tude, and two of the 5th ; with several smaller. A line from 
Sheratan in Aries, to Almaack, will pass through the Ivdda- 
THanguli, about midway between them. 

TKLasoopic Objects? What a Arietis? Other double stars? Triple? Quadruple? 
Any clusters ? Nebulae ? 
62. Situation of the Triangles? Number and size of stars? How find tbeir lu<iidA? 
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HISTORY. 

The upper or Northern Triangle is one of the ancient 48 asteriams; and HevcHus took 
three other stars between it and the head of Aries, to form THati^fiUtMn mintM, Thn 
latter figure, however, is discontinued, though shown on the map. 

TELESCOPIC OBJECTS. 

1 a Triahouli — ^A bright pourth maonitudb star, with a Telescopic eompanion : R. A. 
Ih. 48m. 688. ; Dec. N. 28' 47' 08'. A b ^, yellow ; B 11, lilac. 

2. e Triangcu — A most delicate double star ; R. A. Ih. 53m. 8Ss. : Dec. N. 82* 86 05'. 
▲ 5^, bright yellow ; B 15, dusky. 

8. A large and distin 3t but faint pale WHrrs hebula, between the Triangles and th«i 
head of the Northern Fish ; R. A. Ih. 24m. 51s. ; Dec. N. 29* 51' OS'. A bright star a 
bttle north-west, and five others more remote hi the east. 



MUSOA (the fly).— map IL 

53. This very small constellation lies directly between the 
back of Aries on the soath, and the head of Medusa on the 
north. It has one star of the 2d, two of the 4th, and two of 
the 5th magnitudes. An unimportant asterism, and not always 
mentioned in the catalogues, though shown on the map. 

TELESCOPIC OBJECTS. 

1. A FINE DOUBLE STAR over the back of Aries, nearly midway between the Pleiades ana 
fl AndromedsB ; R. A. 2h. 81m. 20s. ; Dec. N. 26* 22' 02'. A 6, pale topaz ; B 9, light bl«M. 

An easy object. 

2. a MuscjK — a coarse quadruple star, in the body of the figure, and forming ita 
jucida ; R. A. 2h. 40m. 848. ; Dec. N. 26* 85' 09'. A 8, white ; B 13, deep blue ; C 11, lurid , 
D 9, pale grey. Both these ohjects are usually classed as l>elonging to Aries. 

OETUS (the whale).— map II. 

54. As the whale is the chief monster of the deep, and the 
largest of the aquatic race, so is it the largest constellation in 
the heavens. It occupies a space of 50° in length, E. and W., 
with a mean breadth of 20° from N. to S. It is situated below 
Aries and the Triangles, with a mean declination of 12° S. It 
is represented as making its way to the E., with its body below, 
ind its head elevated above the equinoctial ; and is six weeks in 
massing the meridian. Its tail comes to the meridian on the 10th 
■)f November, and its head leaves it on the 2 2d of December. 

55. This constellation contains 97 stars ; two of the 2d mag- 
nitude, ten of the 3d, and nine of the 4 th. The head of Cetas 

HiSTORT. — ^Which ancient? Who formed the other? Now recognized, or not? 

Telbscopio Objects ? Double stars ? Nebulas ? 

58. SituAtion of Musca? Stars? Relative importance? Is it always recognised at • 
constellation? 54. Cetus? Comparative sise? Situation? How represented? 
M>. Numbei of stars* Magnitudes ? How uwy the head of Cetiui be known ? Briehtevt 
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ULikj be ii^adily distinguished, abcnt 20"^ S.\El.of Aries, bj means 
of fire remarkable stars, 4° and 5^ apart, and so situated as to 
form a regular pentagon. The brightest of these is Menkar, of 
the 2d magnitude, in the nose of the Whale. It occupies the 
S. E. angle of the figure. It is 3^° N. of the equinoctial, and 
15° E. of El Rischa in the bight of the cord between the Two 
Pishes. It is directly 31° S. of Algol, and nearly in the same 
direction from the Fly. It makes an equilateral triangle with 
Arietis and the Pleiades, being distant from each about 23° S., 
and may otherwise be known by a star of the 3d magnitude in 
the mouth, 3° W. of it, called Gammas placed in the south mid- 
dle angle of the pentagon. 

56. Nu is a star of the 4th magnitude, 4° N. W. of G imma, 
and these two constitute the S. W. side of the pentagon 'n the 
bead of the Whale, and the N. E. side of a similar oblonj^ <lguro 
in the neck. 

Three degrees S. S. W. of Gamma, is another star of the 3d 
magnitu'^e in the lower jaw, marked Delta, constituting the E. 
side of the oblong pentagon ; and 6° S. W. of this, is a noted 
star in the neck of the Whale, called Mlra, or the "wonderful 
star of 1596," which forms the S. E. side. This variable star 
was first noticed as such by Fabricius, on the 13th of August, 
.1596. It changes from a star of the 2d magnitude so as to 
become invisible once in 234 days, or about 7 times in 6 years. 
Herschel makes its period 331 days, 10 hours, and 19 minutes ; 
while Hevelius assures us that it once disappeared for 4 years * 
so that its true period, perhaps, has not been satisfactorily deter- 
mined. 

The whole number of stars ascertained to be variable amoants to only 15 ; while thoi" 
which are suspected to be variable, amount to 87. 

5T. Mira is T° S. S. E. of El Rischa, in the bend or knot oi 
the ribbon which connects the Two Fishes. Ten degrees S. of 
Mira, are 4 small stars, in the breast and paws, about 3° apart 
which form a square, the brightest being on the E. Ten degree? 
S. W. of Mira is a star of the 3d magnitude, in the heart 
called Baten Kaitos, which makes a scalene triangle with two 
other stars of the same magnitude 7° and 10° W. of it ; also, 
4u equilateral triangle with Mira and the easternmost one in 
ihe square. 

itsr? Position? Name? 66. Size and Position of Nu f Delta? Mira? Position f 
Peculiarity? When, and by whom first noticed? Period and extent of variability < 
fHiole number of rariable stars? b7. Baten Kadioaf Position with regard to Mira* 
Vm Ather ktars ? 
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A great number of geometilcal figures may be formed from the stars in this, and la 
most of the other constellations, merely by reference to the maps ; but it is better that 
the student should exercise his ovrn ingenuity in this way with reference to the start 
themselves, for when once he has constructed a group into any letter or figure of his own 
invention, he never will forget it. 

The teacher should therefore require his class to commit to writing the result of their 
own observations upon the relative position, magnitude and figures of the principal 8iar« 
in each constellation. One evening's exercise in this way will disclose to the student a 
surprishig multitude of crosseSy aqtuirea, triangles^ arcs and letterSy by which he will be 
better able to identify and remember them, than by any instructions that could be given. 

For example : Mira and Baten in the Whale, about 10* apart, make up the S. E. oi 
shorter side of an Irregular square, with El Rischa in the node of the ribbon, and another 
star in the Whale as far to the right of Baten, as El Rischa is above Mira. Again, 

There are three stars of equal magnitude, forming a straight line W. of Baten ; from 
which, to the middle stor is 10% thence to the W. one 12 H ; and 8* or 9* S. of this line, 
in a triangular direction, is a bright star of the second magnitude in the coil of the tail| 
called Diphda. 

In a southerly direction, 25* below Diphda, is Alpha in the head of the Phenix, and 
about the same distance S. W. is Fomalhaut, in the mouth of the Southern Fish, forming 
together a large .triangle, with Diphda in the vertex or top of it. 

That fine cluster of small stars S. of the little square in the Whale, constitutes a part 
of a new constellation called the Chymioal JP*umace. The two stars N. £., and the 
three to the southward of the little square, are in the river Eridam/us. 

HISTORY. • 

This constellation is of very early antiquity : though most writers consider it the 
famous sea-monster sent by Neptune to devour Andromeda because her m'''her Cassio- 
peia had boasted herself fairer than Juno or the Sea Nymphs ; but slain «// Perseus an« 
placed among the stars in honor of his achievement. 

" The winged hero now descends, now soars, 
And at his pleasure the vast monster gores. 
Deep in his back, swift stooping from above, 
His crooked sabre to the hilt he drove.*' 

It is quite certain, however, that this constellation had a place in the heavens long 
prior to the time- of Perseus. When the equinoctial sun in Aries, which is right uver the 
head of Cetus, opened the year, it was denominated the Preserver^ or DeUverer, by the 
Idolaters of the East. On this account, according to Pausanius, the sun was worshipped, 
at Eleusis, under the name of the Preserver or Saviour. 

** With gills pulmonic breathes the enormous whale, 
And spouts aquatic columns to the gale ; ^ 

Sports on the shining wave at noontide hours, 
Aiid shifting rainbows crest the rising showers.'* — Danoin. 

TELBSOOPIO OBJECTS. 

1. /} Obti— A DOUBLi STAB ; R. A. Oh. 85m. 848. ; Dec. S. 18* 51' 9*. A 2^, yellow ; B IS, 
pale blue. 

2. y Okti— A oiosB doubli stab in the Whale's mouth ; R. A. 2h. 85m. 01s. ; Dec. N. 
2* 88' 5*. A 8, pale yellow ; B 7, lucid blue ; the colors finely contrasted. 

8. V A DOUBLB STAR in the Whale's eye ; y R. A. 2h. 27m. 29s. ; Dec. N. 4* 58' 5*. A 43tf , 
pale yellow ; B 15, blue. 

4. A Lono NARROW NBBu: 1, of a pale, milky tint ; R. A. Oh. 89ra. 45s. ; Dec. 8. 2«* 
10' 1*. It is situated in the space south of the tail of Cetus, neai a line drawn from 
a Andromeda to /? Ceti. Discovered by Miss Herschel, in 1788. 

5. A PLANrPART nebula; R. a. 2h. 19m. 25s.; Dec. S. l*' 61' 6'; in the middle of th« 
Whale's neck. 

6. A BRIGHT ROUND NKBULA ; R. A. Ih. 28m. 20s. ; Dec. S. 7** 41' 8'. Registered iy 81c 
W. Herschel, 1785. It is just above the Whale's back. 



HnTORT.— Antiquity f Its original name ? When, and why f What worship in M#i 
lequence ? 
TBUtecopic 0BJBcr8.~Betor Gamma? Nu? Nebulas f 



PERSEUS, ET CAPUT MEDUSiE. 35 

T. A BOUND STELLAS NEBULA, Dear J io the Whalers lower jaw, aod about 2^' trom y* 
•D a lioe towards 6 , or south by west. A very diMarU ol^ect, classed by Sir W. Hersc^j 
M 910 times as distaat as stars of the first magnitude. 



PERSEUS, ET CAPUT MEDUSA.— MAP III. AND IV. 

58. Perseus is represented with a sword in his ri^ht hand, 
the head of Medusa in his left, and wings at his feet. It is 
situated directly N. of the Pleiades and thu Fly, between 
Andromeda on the W. and Auriga on the E. Its mean decli- 
nation IS 46° N. It is on the meridian the 24th of December. 
It contains, including the head of Medusa, 59 stars, two of 
which are of the 2d magnitude, and four of the 3d. According 
to Eudosia, it contains, including the head of Medusa, 67 stars. 



-" Perseus next. 



Brandishes high in heaven his sword of flame, 
And holds triumphant the dire Gorgon's head. 
Flashing with fiery snakes I the stars he counts 
Are sixii/-»ei>en ; and two of these he boasts, 
Nobly refulgent in the seoond rank — 
One in his vest, one in Medusa's head." 

09. The Head of Medusa is not a separate constellation, 
out forms a part of Perseus. It is represented as the trunkless 
head of a frightful Gorgon, crowned with coiling snakes, instead 
of hair, which the victor Perseus holds in his hand. There are, 
in all, about a dozen stars in the head of Medusa ; three of the 
4th magnitude, and one, varying alternately from the 2d to the 
4th magnitude. Tliis remarkable star is called Algol. It is 
.situated 12° E. of Almaack, in the foot of Andromeda, and may 
be known by means of three stars of the 4th magnitude, lying a 
few degrees S. W. of it, and forming a small triangle. It is on 
the meridian the 21st of December ; but as it continues above 
the horizon 18 hours out of 24, it may be seen every evening 
from September to May. It varies from the 2d to the 4th 
magnitude in about 3^ hours, and back again in the same time ; 
after which it remains steadily brilliant for 2J days, when the 
tfame changes recur. 

The periodical rariation of Algol was determined in 1783, by John Goodricke, of York 
(£ng.), to be 2 days, 20 hours, 43 minutes, and 56 seconds. Dr. Uerschel attributes the 
rariable appearance of Algol to spots upon its surface, and thinks it has a motion on Its 
axis similar to that of the sun. He also observes, of variable stars generally : — ** The 
rotary motion of the stars upon their axis is a capital feature in their resemblance to 
the sun. It appears to me now, that we cannot refuse to admit such a motion, and that 
indeed it may be as evidently proved as the diurnal motion of the earth. Dark spots, 



58. Perseus? How represented ? When on the meridian? Number of starb ? EiceP 
60. Head of Medusa? Ilow represented? Number of stars? What remarkable cv«? 
f^ltaation? Variableness and period? When and by whom determined? Supp«»«/ 
•muse of variability ? Lalando ? 

2* 
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or \Arge portions of the surface less luminous than the rest, tamed alternately in cerUU 
directions either toward, or fiom us, will account for all the phenomena of periodical 
Changes in the lustre of the stars, so satisfactorily, that we certainly need not look out 
for any other cause." 

It is said that the famous astronomer L<ilande, who died at Paris in 1807, was wont t« 
remain whole nights, in his old age, upon the J'ont Neuf^ to exhibit to the curiooa the 
Tariations in the brilliancy of the star Algol. 

60. Nine degrees E. by N. from Algol, is the bright star Algt- 
nibf of the 2d magnitude, in the side of Perseus, which with Al- 
maack, makes a perfect right angle at Algol, with the open part 
towards Cassiopeia. By means of this strikingly perfect figure, 
the three stars last mentioned may always be recognized without 
the possibility of mistaking them. Algenib may otherwise bo 
readUy distinguished by its being the brightest and middle one 
of a number of stars lying four and five degrees apart, in a larjce 
semicircular form, curving towards Ursa Major. 

Algenib comes to the meridian on the 21st December, 15 minutes after Algol, at which 
time the latter is almost directly overhead. When these two stars are on the meridian, 
that beautiful cluster, the Pleiades, is about half an hoar £. of it; and in short, the 
most brilliant portion of .the starry heavens is then visible in the eastern hemisphere. 
The glories of the scene are unspeakably magnificent; and the student who fixes hit 
eye upon those lofty mansions of being, cannot fail to covet a knowledge of their order 
and relations, and to *^ reverence Him who made the Seven Stars and Orion." 

61. The Milky Way around Perseus is very vivid, being undoubt- 
edly a rich stratum of fixed stars, presenting the most wondei 
ful and sublime phenomenon of the Creator's power and great- 
ness. Kohler, the astronomer, observed a beautiful nebula near 
the face of Perseus, besides eight other nebulous clusters in dif- 
ferent parts of the constellation. 

The head and sword of Perseus are exhibited on the circumpolar map. That very 
bright star 28* E. of Algol, is Capella in the Charioteer. 

HISTORY 

Perseus was the son of Jupiter and Danae. He was no sooner born than he was cant 
Into the sea, with his mother ; but being driven on the coasts of one of the islands of the 
Cyclades, they were rescued by a fisherman, and carried to Polydectes, the king of the 
place, who treated them with great humanity, and intrusted them to the care of th^ 
priests of Minerva's temple. His rising genius and manly courage soon made him a 
favorite of the gods. At a great feast of Polydectes, all the nobles were expected to 
present the king with a superb and beautiful horse ; but Perseus, who owed his benefac- 
tor much, not wishing to be thought less munificent than the rest, engaged to bring him 
the head of Medusa, the only one of the three Gorgons, who was subject to mortality. 
The names of the other two were Stheno and Euryale. They were represented with ser- 

Eents wreathing round their heads instead of hair, having yellow wings and brasen 
ands ; their bodies which grew indissolubly together, were covered with impenetrable 
scales, and their very looks had the power of turning into stones all those on whom 
they fixed their eyes. 

To equip Perseus for this perilous enterprise, Pluto, the god of the infernal regions, 
lent him his helmet, which had the power of rendering the wearer invisible. Minerva, 
the goddess of wisdom, furnished him with her buckler, which was as resplendent as a 
ffolished mirror ; and he received from Mercury wings Twr his feet, and a dagger made 



60. Algenib ? How known ? When on the meridian f Where, then, are the Pleiades ? 
il^at the general aspect of the heavens? 61. Blilky Way around Perseasf OtwciTa* 
Mon of Kohler? 

UiBTORT.— Who was Perscas f What fate at birth, Ac T 
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of diamonds. Thus equipped, he mounted into the air, condacted by Minerva, and cam* 
upon the monsters who, with the watchful snakes about their heads, were all asleep. He 
approached them, and with a courage whicli amazed and delighted Minerva, cot off with 
one blow Medusa'9 head. The noise awoke the two immortal sisters, but Pluto's helmet 
rendered rerseos inTisible, and the rengefol pursuit of the Gorgons proved fruitless. 

** In the mirror of his polished shield 
Reflected, saw Medusa slumbers take, 
And not one serpent bj good chance awake ; 
Then backward an unerring blow he sped, 
And from her body lopped at once her head." 

P*r8eaB then made his way through the air, with Medusa's head yet' reeking in hif 
handf and from the blood which dropped from it as he flew, sprang all those innomerabU 
A^ypenta that have ever since infested the sandy deserts of Libya. 

" The victor Perseus, with the Gorgon head, 
O'er Libyan sands bis airy journey sped. 
The gory drops distilled, as swift he flew. 
And from each drop envenomed serpents grew.** 

The destruction of Medusa rendered the name of Perseus immortal, and he was 
changed inter a constellation at his death, and placed among the stars, with the head of 
Medusa by his side. 

TELESCOPIC OBJECTS. 

1. a Pkrsei— A FINK DOUBLE STAB ; R. A. 3h. 12m. 66s. ; Dec. N. 49* 17' 2*. A 2Ji, bril- 
dant lilac ; B 9, cinereous. This is Algenib^ in the hefo's left side. 

2. /9 Pkrsbl, or Alffol; R. A. 2h. 67m. 468. ; Dec. N. 41* 20'. A variable doublb star. 
A 2 to 4, whitish ; B 11, purple. The former varies in brightness periodically, from the 
2d to the 4th magnitude, and back again to the 2d magnitude, period being 2d. 20h. 4Sm. 
56s. ; an object of great interest. 

8. y PKRSKf— A WIDE UNEQUAL DOUBLE STAR in the hero's left shoulder : R. A. 2h. &3in. 
148. ; Dec. N. 62* 62' 4*. A 4, flushed white ; B 14, clear blue. 

4. 6 Pkrski— A BRIGHT STAB With a companion in the hero's hip; R. A., 8h. 81m. 88s.; 
Dec, N. 47* 16' 2". 'About 8* south-west of a Persei. A 8J§, white ; B 11, pale blue. 

6. e: Persei— A neat double stab in the right knee ; R. A. 8h. 47m. 08s. ; Dec. N. 89* 
S2' 4'. A SHi pale white ; B 9, lilac ; a fine delicate object. 

6. ^ Persei— A deugatb quadruple star ; R. A. 8h. 44m. O&s. ; Dec. N. 81* 24 2' 
A B}i. flushed white; B 10, smalt bloe; C 12, ash-colored ; D 11, blue. It is situated in 
the right foot, and is designated by Smyth as ** an elegant group." 

7. Tf Perski— A FINE DOUBLE STAR in the head of the figure; R. A. 2h. 89m. 043.; Dec. 
N. 66* 18' 6*. A 6, orange ; B 83$, smalt blue ; the colors in fine contrast. 

8. A GORGEOUS CLUSTER in the sword handle of Perseus ; R. A. 2h. OSm. 68s. ; Dec. N 
66* 24' 4*. It may be seen with the naked eye, and when seen through a good telescope 
is one of the most magnificent objects in the heavens. Map YIII., Fig. 25. 

9. An RxnoTSivs and rich cluster on the right side of Perseus, in a rich portion of 
the galaxy. R. A. 8h. 04m. Ols. ; Dec. N. 46* 87' 9*. Smyth says '* it has a gathering 
spot about 4' in diameter, where the star-dust glows among minute points of light." 
Uerschel says, " the large stars are arranged in lines like interwoven letters. 

10. An elongated nebula ; R. A. 2h. 80m. 26s. ; Deo. N. 83* 21' 8' ; supposed to be a 
vast ring, seen obliquely. Map VIII., Fig. 26. 

11. A pretty compressed oval group or stars, in the left knee of Perseus, nearly mid- 
way between X and /i; R. A. 8h. 68m. lis. ; Dec. N. 49* 04' 06'. A well-marked object, 
Burronnded by a carve of larger stars, somewhat in the form of the letter D. Map YIIL, 
Fig. 27. 



TnjKWOPio Objects. — Alpha? Beta? Gamma? Delta? Epsilon? Zeta? Ktaf 
Olustrtrs? Nebula? Which shown on the map? 
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CHAPTER III. 

CONSTELLATIONS ON THE MERIDIAN IN JANUARY. 
TAURUS (THE BULL).— MAP III. 

C2. Taurus is represented in an attitude of rage, as if abciit 
to plunge at Orion, who seems to invite the onset by provocH^ 
tions of assault and defiance. Only the head and shoulders nf 
the animal are to be seen ; but these are so distinctly marked 
that they cannot be mistaken. 

The constellations which pass our meridian in the months of January, February and 
March, present to us the most brilliant and interesting portion of the heavens ; embrao* 
ing an annual number of stars of the highest order and brightness, all so conspicuously 
situated, that tne most inexperienced can easily trace them out. 

63. Taurus is now the second sign and third cmistellation of the 
Zodiac ; but anterior to the time of Abraham, or more than 
4000 years ago, the vernal equinox took place, and the year 
opened when the sun was in Taurus; and the Bull, for the space 
of 2000 years, was the prince and leader of the celestial host. 
The Ram succeeded next, and now the Fishes lead the year. 
The head of Taurus sets with the sun about the last ot May, 
when the opposite constellation, the Scorpion, is seen to rise in 
the S. E. It is situated between Perseus and Auriga on the 
north, Gemini on the east, Orion and Eridanus on the south, and 
Aries on the west, having a mean declination of 16° N. 

64. Taurus contains 141 visible stars, including two remark- 
able clusters called the Pleiades and Hyades. The firsi is now 
on the shoulder, and the latter in the face of the Bull. The 
names of the Pleiades are Alcione,. Merope, Maia, >Jlectra, 
Tayeta, Sterope and Celeno. Merope was the only one who 
married a mortal, and on that account her star is dim among her 
sisters. Although but six of these are visible to the nahed eye, 
yet Dr. Hook informs us that, with a twelve feet telescope, he 
saw T8 stars; and Rheita affirms that he counted 200 stars in 
this small cluster. For its appearance through an ordinury tele- 
scope, see Map YIII., Fig. 28. 

The most ancient authors, such as Homeri Attains, and Geminus, counteU only «icr 
Pleiades ; but Simonides, Varro, Pliny, Aratus, Hipparchus, and Ptolemy, i . 'VKon tliea 

62. How is Ta irus represented? How much of him seen? What con8teu&tIcns most 
brilliant^ 68. In what »2(/n is Taurus ? What constellation ? How 4000 years ago? 
What next led the year? What now? At what time does Taurus set with the sunt 
Row situated? 64. How many visible stars in Taurus? Clusters? How sitUHted? 
Names of the Pleiade.s? What said of Merope? How many of the Pleiadcj TiaibWi te 
tbe naked eye? Dr. Hook and lUieita? Ancient authors? 
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•even in nttmber; abd it was asserted, that the serenth had been seen before the burn 
log of Troy; but this difference might arise from the difference in distinguishing thein 
with the naked eye. 

65. The Pleiades are so called from the Greek word, -rrXeeiv 
pledrij to sail; because at this season of the year, they were 
considered " the star of the ocean" to the benighted mariner. 

Virgil who flourished 1200 years before the invention of the magnetic needle, says 
that the stars were relied upon, in the first ages of nautical enterprise, to guide the nuW 
oailc orer the seas. 

" Tunc ainos primum fluvii sensere cavatas ; 
Navita turn stellis ntimeros, et nomina fecit, 
Pleiadas, Uyadas, claramque Lycaonis Arcton.*' 

" Then first en seas the shallow alder swam ; 
Then sailors quarter'd heaven, and found a name 
For every fix'd and every wandVing star — 
The Pleiades, Hyades, and the Northern Car." 

The same poet also v esci-ibes Palinurus, the renowned pilot of the Trq|an fleet, as 
watching the face of the nocturnal heavens. 

**Sidera cuncta notat tacito labentla coelo, 
Arcturura, pluviasque Hyadas, geminosque Triones, 
Armatumque auro circumspicit Oriona." 

*■ Observe the stars, and notes their sliding coursei 
Ihe Pleiades, Hyades, and their wat'ry force ; 
And both the Bears is careful to behold, 
And bright Orion, armM with burnished gold.** 

Indeed, this sagacious pilot was once so intent in gazing upon the stars while at the 
helm, that ke fell overboard, and was lost to his companions. 

*' Headlong he fell, and struggling in the main, 
Cried out for helping hands, but cried in vain.'* 

66. Akyom^ of the 3d magnitude, being the brightest star in 
this cluster, is sometimes called the light of the Pleiades, The 
other fire are principally of the 4th and 5th magnitudes. The 
Pleiades, or, as they are more familiarly termed, the seven stars, 
come to the meridian 10 minutes before 9 o^clock, on the even- 
ing of the 1st of January, and may serve in place of the sun, to 
indicate the time, and as a guide to the surrounding stars. 

According to Hesiod, who wrote about 900 years before the birth of our Savior, thf 
heliacal rising of the Pleiades took place on the 11th of May, about the time of harvest 

*' When, Atlas-bom, the Pleiad stars arise 
Before the sun above the dawning skies, 
*Tis time to reap ; and when they sink below 
The morn-illumined west, 'tis time to sow." 

Thus, in all ages, have the stars been observed by the husbandman, for ** signs and 
for seasons." 

Pliny says that Thales, the Miletan astronomer, determined the cosmical setting of 
the Pleiades to be 25 days after the autumnal equinox. This would make a difference 
l>etween the setting at that time and the present, of 85 days, and as a day answers to 
about 59' of the ecliptic, these days will make S4* 25'. This divided by the annual pre* 
cession (50)^'), will give 2465 years since the time of Thales. Thus does astronomy 
become the parent of chronology. 



fA. Why Pleiades so called? Remark, and quotations from Virgil?. 66. What said 
of Alcyone t Of the "ther five ? Wheto on the meridian ? Serve what purpose ? Period, 
and remark of Hesiod? Of Pliny? What calculation respecting the passage of tbs 
Pleia^lv^ over the meridian ? 
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If it be borne In mind that thi stars uniformly rise, come to the meridian, and set abotM 
four minutes earlier every succeeding night, it will be very easy to determine at vhat 
time the seven stars pass the meridian on any night subsequent or anteoedent to th* 
1st of January. For example : at what time Will the seven stars culminate on the ftth 
«f January f Multiply the 5 days by 4, and take the result from the time they culmiaato 
on Uie Ist, and it will give 80 minutes after 8 o'clock in the evening. 

67. The Pleiades are also sometimes called VergUia, or th* 
" Virgins of Spring ;" because the sun enters tins claster io the 
" season of blossoms," about the 18th or May. He who made 
them alludes to this circumstance when he demands of Job : 
" Canst thou bind the sweet influences of the Pleiades," &,c — 
(Job 38 : 31.) 

The Syrian name of the Pleiades is Succofh,, or Suocoth-Bmath^ derived from a Chai- 
daic word, which signifies **■ to speculate, to observe," and the ** Men of Socc«»th*' 
(2 Kings 17: 80) have been thence considered observers of the stars. 

68. The Hyades are situated 11° S. E. of the Pleiades, in the 
face of the Bull, and may be readily distinguished by means of 
five stars so placed as to form the letter V. (Map VIII., Fig. 
29.) The most brilliant star is on the left, in the top of the 
letter, and called Aldebaran ; from which the moon's distance is 
computed. 

** A star of the first magnitude illumes 
His radiant head ; and of the second rank. 
Another beams not far remote.'* 

The ancient Greeks counted seven in this cluster : — 

" The Bull's head shines with seven refulgent flames. 
Which, Grecia^ Hyades, from their blunoering names.** 

69. Aldebaran is of Arabic origin, and takes its name from 
two words which signify, " He went before, or led the wa j*^ — 
alluding to that period in the history of astronomy when this 
star led up the starry host from the vernal equinox. It comes 
to the meridian at 9 o'clock on the 10th of January, or 48J^ 
minutes after Alcyone, on the 1st. When Aries is about 21 
high, Aldebaran is just rising to the east. So Manilius : — 

** Thus, when the Ram hath doubled ten degrees, 
And join'd seven more, then rise the Hyades." 

k line 15^* E. N. £. of Aldebaran will point out a bright star of the 2d magnitude in 
ths extremity of the northern horn, marked Beta or El Nath ; (this star Is also in the 
foot of Auriga, and is common to both constellations.) From Beta in the northern horn, 
to Zeta, in the tip of the southern horn, it is 8*, in a southerly direction. This star 
forms a right angle with Aldebaran and Beta. Beta and Zeta, then, in the button of tht 
horns, are in a line nearly north and south, 8* apart, with the brightest on the north 
That very bright star 17H* N. of Beta, is CapeUa^ in the constellation Aturiga, 



67. What other name have the Pleiades, and why ? Citation A*om Job ? Syrian name f 
58. Where are the Hyades situated? How known? Where the most brilliant •tar? 
Name? Are they shown on the map? 69. Origin and import of the name AUM>arcm1 
When does it come to the meridian at 9 o'clock p.m. ? Where is Beta? In wLat otbtf 
noastellation ? Zeta, and its distance? How situated with reference to AKjbaran asJI 
Beta? How Beta and Zeia? Capella^ 
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HISTORY. 

According to the Grecian mytliologyf tliis ia tin animal wliich bore Europa over ili« 
teas to tliat country whicli derived from tier its name. She was the daughter of Agenor 
And princess of Phcenicia. She was so beautiful that Jupiter became enamoured of he'' 
%nd assuming the shape of a snow-white bull, he mingled with the herds of Agenoi 
while Europa, with her female attendants, were gathering flowers in the meadows 
Ruropa caressed the beautiful animal, and at last had the courage to sit upon his bac-k« 
The god now took advantage of her situation, and with precipitate steps retired towards 
the shore, and crossed the sea with Europa upon his back, and arrived safe in Crete. 
Some suppose she lived about 1552 years before the Christian Era. It is probable, however, 
that this constellation had a place in the Zodiac before the Greeks began to cultivate » 
knowledge of the stars ; and that it was rather an inventipp of the Egyptians or Chal- 
deans. Both the Egyptians and Persians worshipped a deity under this figure, by thvr 
name of Apis ; and Belzoni is said to liave found an embalmed bull in one of the notable 
sepulchres near Thebes. 

In the Hebrew Zodiac, Taurus is ascribed to Joseph. 

The Pleiades, according to fable, were the seven daughters of Atlas and the nympr 
Pleione, who were turned into stars, with their sisters the Hyades, on account of their 
amiable virtues and mutual affection. 

Thus we everywhere find that the ancients, with all their barbarism and idolat*'/, 
entertained the belief that unblemished virtue and a meritorious life would meet their 
reward in the sky. Thus Virgil represents Magnus Apollo as bending from ihe sky U» 
address the youth Itilus : — 

^^Macte nova virtute puer; sic itur ad astra; 
Diis genite, et geniture Deos." 

** Go on, spotless boy, \n the paths of virtue ; it is the way to the stars ; ofibpring of 
the gods thyself — so shalt thou become the father of gods." 

Our disgust at their superstitions may be in some measure mitigated, by seriously 
reflecting, that had some of these personages lived in our day, they had been orna- 
ments in the Christian Church, and models of social virtue. 

TELESCOPIC OBJECTS. 

1. a Tattri {Aldebaran) — A star of the first magnitude with a telescopic companion 
R. A. 4h. 26m. 44s. ; Dec. N. 16* 10' 9'. A 1, pale rose tint ; B 12, sky blue. 

2. pTAvm{£l I/athy-R. A. 5h. 16m. lis.; Dec. N. 2S* 28'. A fine star, with a 
distant companion. A 2, brilliant white ; B 10, pale grey. 

8. y Tauri— One of the Hyades ; R. A. 4h. 10m. 41s. ; Dec. 11* 14' 1'. A bright star, 
with a distant telescopic companion ; A 8)$, yellow; B 11, pale blue; 

4. ri Tauri {AlcyofMy-One of the IHeiades ; R. A. 8h. 87m. 57s. ; Dec. N. 28* 86' 8*. 
A 8, greenish yellow ; B, pale white and distant. 

6. A MBBULous star; R. a. 8h. 59m. 06s.; Dec. N. 80* 20' 5'. A stir of the eighth 
magnitude, with a faint luminous atmosphere surrounding it, and about 8' in diameter. 
This star and nebula led Sir William Herschel to adopt his Nebula Theory, or theory of 
condensation of gas or nebulous matter, into suns and worlds. 

6. A LARGB MKBCLA ; R. A. 5h. 24m. 51s. ; Dec. N. 21* 54' 2'. It is about one degree 
tiorth-west of ^ In the tip of the Bull's southern horn. It is an oval form, with several 
minute telescopic stars in its vicinity. For drawing, see Map VIII., Fig 80. 

Of the FMadea and HyadM^ two prominent clusters, we have spoken at 64, 65. 



ORION.— MAP ni. 

70. Whoever looks op to this constellation and learns its 
oame, will never forget it. It is too beautifully splendid to need 
a description. When it is on the meridian, there is then above 

HiSTORT.— story of Europa and Jupiter? What probability? What said of the 
Cgyp'Jans and Persians? Hebrew lodiacs? Fabulous paternity of the Pleiades? Why 
;arned into stars? What remarks respecting the ancients? 

Tklsscopio OBJUCTg. — Alpha? Beta? Gamma? Eta? NebulsB? Point out on the 

nap. 

70. What is said of Orion? Of the view when on the meridian? How ia Orion 
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the horizon the most inagniOcent view of the celestial bodies 
that the starry firmament affords ; and it is visible to all the 
habitable world, because the equinoctial passes through the 
middle of the constellation. It is represented on celestial maps 
by the figure of a man in the attitude of assaulting the Bull, 
with a sword in his belt, a huge club in his right hand, and the 
skin of a lion in his left, to serve for a shield. 

Manilius, a Latin poet, who composed five books on astronomy a short time before the 
birth of our Saviour, thus describes its appearance : — 

" First next the Twins, see great Orion rise, 
His arms extended stretch o'er half the skies * 
His stride as large, and with a steady pace 
He marches on, and measures a vast space ; 
On each broad shoulder a bright star display'd. 
And three obliquely grace his hanging blade. 
In his vast head, immers'd in boundless spheres. 
Three stars, less bright, but yet as great, he beara. 
But farther off removed, their splendor's lost ; 
Thus graced and arm'd he leads the starry host." 

71. The centre of the constellation is midway between the 
poles of the heavens and directly over the equator. It is also 
about 8° W. of the solstitial colure, and comes to the meridian 
about the 23d of January. The whole number of visible stars 
in this constellation is 78 ; of which, two are of the first magni- 
tude, four of the 2d, three of the 3d, and fifteen of the 4th. 

72. Those four brilliant stars in the form of a long square or 
parallelogram, intersected in the middle by the *' Three Stars," 
or " Ell and Yard," about 25° S. of the Bull's horns, form the 
outlines of Orion. The two upper stars in the parallelogram are 
about 15° N. of the two lower ones ; and, being placed on each 
shoulder, may be called the epaulets of Orion. The brightest 
of the two lower ones is in the left foot, on the W., and the 
Other which is the least brilliant of the four, in the right knee. 
To be more particular ; Bellatrix is a star of the 2d magnitude 
on the W. shoulder ; Betelguese is a star of the 1st magnitude, 
^^^ E. of Bellatrix, ou the E. shoulder. It is brighter than 
Bellatrix, and lies a little farther toward the north ; and comes 
to the meridian 30 minutes after it, on the 21st of January. 
These two form the upper end of the parallelogram. 

73. Rigd is a splended star of the 1st magnitude, in the left 
foot, on the W. and 15° S. of Bellatrix. Sai'ph is a star of the 
3d magnitude, in the right knee, 8^° E. of Rigel. These two 
form the lower end of the parallelogram. 

Rented on the map&? How described by Manilius ? 71. Situation of Orion? Number 
of visible sturs? Magnitudes? VI. \ihfiiisi\ifiEUand Yardt What conBtltatea tht 
ouiliue uf Orion? Svhere \a LUatrixt BUelgueae and magnitude? 78. MigtL\ 
Huiphf 
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" First in rank 

The martial star upon his shouldei flames ; 
A rival star illaminates his foot ; 
And OE his girdle beams a luminary 
Which, in vicinity of other stars, 
Might claim the proudest honors." 

74. There is a little triangle of three small stars in the head 
of Orion, which forms a larger triangle with the two in his 
shoulders. In the middle of the parallelogram are three stars 
of the 2d magnitude, in the belt of Orion, that form a straight 
line about 3° in length from N. W. to S. E. They are usually 
distinguished by the name of the Thru Stars^ because there are 
no other stars in the heavens that exactly resemble them in 
position and brightness. They are sometimes denominated the 
Three KhigSf because they point out the Hyades and Pleiades 
on one side, and Sirius, or the Dog-star, on the other. In Job 
they are called the Bands of Orion ; while the ancient husband- 
men called them Jacob's rod, and sometimes the B/iht. The 
University of Leipsic, in 1807, gave them the name of Na^kon. 
But the more common appellation for them, including those 
in the sword, is the EU and Yard, They derive the latter name 
from the circumstance that the line which unites the "three 
stars" in the belt measures just 3° in length, and is divided by 

/ the central star into two equal parts, like a yard-stick ; thus 
serving as a graduated standard for measuring the distances of 
stars from each other. When, therefore, any star is described 
as being so many degrees from another, in order to determine 
the distance, it is recommended to apply this rule. 

It is necessary that the scholar should task his ingenuity only a few evenings in apply- 
ing such a standard to the stars, before he will learn to judge of their relative distancei 
with an accuracy that wUl seldom vary a degree from the truth. 

75. The northernmost star in the belt, called Mintika, is less 
than ^*^ S. of the equinoctial, and when on the meridian, is 
almost exactly over the equator. It is on the meridian, the 24th 
of January. The " three stars " are situated about 8° W. of 
the solstitial colure, and uniformly pass the meridian one hour 
and fifty minutes after the seven stars. There is a row of stars 
of the 4th and 6th magnitudes, S. of the belt, running down 
obliquely towards Saiph, which forms the sword. This row ia 
also caUed the Ell because it is once and a quarter the length 
of the Yard or belt. 

74. What consiitates the head of Orion? What in the middle of thej>arallelogramf 
Names, and why? "Three stars?" "Three Kings?" "Bands of Orion," "Jacob'i 
Rod," Napoleon." " EU and Tard ? Use of the Ell and Yard ? 75. What said of Mi/n- 
tlkxi r Of the " three stars?" What other row of stars? Forms what? Called wb*t 
&ud why? 
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16. About 9° W. of Bellatrix, are eight stars, chiefly of the 
4th magnitude, in a curved line running N. and S. with the con- 
cavity toward Orion ; these point out the skin of the lion u. 
his left hand. Of Orion, on the whole, we may remark with 
Eadosia:-- 

** He who admires not, to the stars is blind.*' 

HISTORY. 

According to some authorities, Orion was the son of Neptune and queen Euryale, a 
■amous Amazonian huntress, and possessing the disposition of his mother, he became 
the greatest hunter in the world, and even boasted that there was not an animal on 
eai'th which he could not conquer. To punish this vanity, it is said that a scorpion 
sprung up out of the earth and bit his foot, that he died ; and that at tb.« request of 
Diana he was placed among the stars directly opposite to the Scorpion that caused his 
death. Others say that Orion had no mother, but was the gift of the gods, Jupiter 
Neptune, and Mercury, to a peasant of Boeotia, as a reward of piety, and that he was 
invested with the power of walking over the sea without wetting his feet. In strength 
and stature he surpassed all other mortals. He was skilled in the working of iron, from 
which he fabricated a subterranean palace for Vulcan ; he also walled in the coasts of 
Sicily against the inundations of the sea, and built thereon a temple to its gods. 

Orion was betrothed to the daughter of (Enopion, but he, unwilling to give up hii 
daughter, contrived to intoxicate the illustrious hero and put out his eyes, on the sea- 
shore where he had laid himself down to sleep. Orion, finding himself blind when he 
awoke, was conducted by the sound to a neighboring forge, where he placed one of the 
workmen on his back, and, by his directions, went to a place where the rising sun waa 
seen with the greatest advantage. Here he turned his face toward the luminary, and, 
as it is reported, immediately recovered his sight, and hastened to punish the penkUoiu 
cruelty of GSnopion. 

As the constellation Orion, which rises at noon about the 9th day of March, and sets at 
aoon about the 2l8t of June, is generally supposed to be accompanied, at its rising, with 
great rains an4 storms, it became extremely terrible to mariners, in the early adron- 
tures of navigation; Virgil, Ovid, and Horace, with some of the Greek poets, make 
mention of this. 

Thus Eneas accounts for the storm which cast him on the African coast on his way te 
Italy:— 

" To that blest shore we steer'd our destined way. 
When sudden, dire Orion rousM the sea ; 
All charg'd with tempests rose the baleful star. 
And on our navy pour'd his wat'ry war.'* 

To induce him to delay his departure, Dido's sister advises her to 



" Tell him, that, charged with deluges of rain, 
Orion rages on the wintry main." 



The name of this constellation is mentioned in the books of Job and Amos, and in 
ilomer. The inspired prophet, penetrated like the psalmist of Israel with the omni- 
science and power displayed in the celestial glories, utters this sublime injunction : ** Seek 
Him that maketh the seven stars and Orion, and turneth the shadow of death into 
morning." Job also, with profound veneration, adores his awful majesty who ^* com- 
mandeth the sun and sealeth up the stars ; who alone spreadeth out the heavens, and 
maketh Arcturus, Orion, and Pleiades, and the chambers of the south :'* and in anotlie? 
{ lace, the Almighty demands of him — ^* Knowest thou the ordinances of heaven? Canst 
thou bind the sweet influences of the Pleiades, or loose the bands of Orion ; canst fcboa 
bring forth Mazzaroth in his season, or canst thou guide Arcturus with his sons?** 

Calmet supposes that Mazzaroth is here put for the whole order of celestial bodies ir 
the Zodiac, which, by their appointed revolutions, produce the various seasons of the 
year, and the regular succession of day and night. Arcturtis is the name of the prbi- 
cipal star in Bootes, and is here put for the constellation itself. The expression, A<« mm, 
doubtless refers to Asterion and Chara, the two greyhounds, with which he s^ems to be 
pursuing the Great Bear around the North pole. 

76. What star<i mentioned west of Bellatrix? Remark respecting Orion? 

HiBTOHT.— Story of parentage? Disposition and boasting? Punishment? What 
•ther account? What mention of by Virgil? By Job and Homer? BapponitioB •! 
Calmet? Wha' meant by "Arcturus and his sons?" 
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TELESOOPIO OBJECTS. 

1. a Otaxam {Betdgueaey—'BL. A. 5h. 46in. SOs. ; Dec N. 7° 22' 8'. A 1, orange tint; 
« 11, bluish. 

2. Oriomis (Rigeiy—Vi. A. 5h. 6in. 51s ; Dec. S. 8' 23' 5'. A 1, pale yellow; Bf 
lapphire blue. Map YIII. Fig. 8. 

8. > Oriomis {BtUatrUcy-K. A. 5h. 16in. SSs. ; Dec. N. 6* 12'. A fikb stab, with a 
minute distant companion. A 2, pale yellow ; B 15, grey. 

4. 6 Oriosis {Minidka) — A coarse doublb star in the {^rdle of the figure ; B. A. 5h 
28m. 508. ; Dec. S. 0° 25' 4*. A 2, white ; B 7, pale violet. 

5. e Orionis {AlwUam) in the centre of his belt ; R. A. 5h. 28m. OSs. ; Dec. S. 1* 18 G* 
A 25<, white and nebulous ; B. 10, pale blue. 

%, C Orioxis {AlnUah) the last or lowest in the belt ; R. A. 5h. 82m. 41s. ; Dec. 9. 2* oo* 
A fine TRIPLK STAR. A 8, topaz yellow ; B 6)$, light purple ; and C 10, gray. 

T. A minute dovblb star and duster, in Orion's left hand ; R. A. 5h. 59m. 25s. ; Dec. 
t;. 18* 58' 6*. A 7H, B 8>ii, both lucid white. 

8. Another doublb star in a cluster, in the left shoulder; R. A. 6h. 08m. 856. ; Dej. N. 
5* 28' 9*. A 93^ and B 10, both pale yellow. A tolerably rich cluster, with numerous 
Btragglers. 

9. A planxtat nkbula, of a bluish white tint, on the nape of Orion's neck — small, pale, 
but quite distinct. R. A. 5h. d8m. 21s. ; Dec. N. 9* 00' 2'. 

10. Two stars ** in a wispt nebula," just above the left hip ; R. A. 5h. 88m. 83s. ; Dec. 
N. 0* 00* 7*. A 8^ and B. 9, both white. A singular mass, between two small stars, about 
equi-distant, in a blankish part of the heavens. 

11. The ORBAT nbbula of Orion — ^The most conspicuous nebula in all the heavens. It 
is situated in the »word of Orion, below the middle star of the belt ; R. A. 5h. 27m. 258.; 
Dec. S. 5* 80'. For its position in the constellation see Map YIII., Fig. 81. It may be 
seen with a common telescope. There is an apparent opening in one side of this nebula, 
through which, as through a window, we seem to get a glimpse of other heavens, and 
brighter regions. (Map VIU., Fig. 82.) 

12. The middle star in the sword is in the midst of this nebula, and with powerful tele- 
leopes ia found to be sextuple. The writer has often seen the fifth star with a 6-inch 
refractor. These stars constitute the Trapetsiwn of Orion, The region arotfaid this 
nebula is rich in stars, as shown on Map VIII., Fig. ^. 

LEPTJS (the habe).— map III. 

77. This constellation is situated directly south of Orion, and 
comes to the meridian at the same time ; namely, on the 24th 
of Tanuary. It has a mean declination 18° S., and contains 19 
bmall stars, of which, the four principal ones are of the 3d magni- 
tude. It may be readily distinguished by means of four stars 
of the 3d magnitude, in the form of an irregular square, or 
trapezium. 

78. Zetay of the 4th magnitude, is the first star, and ia 
situated in the back, 5° S. of Saiph, in Orion. About the same 
distance below Zeta are the four principal stars, in the legs and 
feet. These form the square. They are marked Alpha, Beta, 
Gamma, Delta. 

TiLBSGOPic Objbcts.— Alpha ? Beta? Gamma? Delta, Ac? What double stats T 
Nebu)»? Point out on the map ? 

77. Location of Lepus? Number and magnitude of stars? How may it be distin- 
f^uijihed ? 78. Siae and situation of Zeta ? Other principal stars ? How marked ob 
the map? 
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79. Alpha, otherwise called Arnd), and Beta form the N. W. 
end of the trapezium, and are aljout 3° apart. Gamma and 
Delta form the S. E. end, and are about 2^" apart. The upper 
right-hand one, which is Arneb, is the brightest of the four, and 
is near the centre of the constellation. Four or five degrees S. 
of Rigel are four very minute stars, in the ears of the Hare. 

HISTORY. 

This constellation is situated about 18* west of the Great Dog, which, from the motion 
of thr earth, seeou to be pursuing it, as the Greyhounds do the Bear, round the Circuit 
of the skies It was one of those animals which Orion is said to hare delisted in hunt- 
ing, and which, for this reason, was made into a constellation and placed near him 
among the stars. 

TEI-ESCOPIC OBJECTS. 

1. a Lefobis {Arneb) — A distant doublk stab ; R. A. 5h. 25m. 408. ; Dec. S. 17* S6' 06*. 
A Bhy pale yellow ; B 9)$, grey. 

2. /i Lbporis (NihaC) — A star with a distant telescopic companion ; R. A. 5h. 21m. 28s. ; 
Dec. S. 20* f» 06". A 4, deep yeUow ; B 11, blue. 

8. y Lbporis— A wide tbiplb stab in a barren field ; R. A. 5h. 87m. 4Ss. ; Dec. S. 22* 
80' 02'. A 4, light yellow ; B 6H, pale green ; C 18, dusky. 

4. L Leporis — A delicate doublb stab in the Hare's left ear ; R. A. 6h. 04m. 50s. ; Dec 

5. 12* 03' 09*. A 43§, white ; B 12, pale violet, with a reddish distant star nearly north. 

5. K Lkporis — A close double stab, at the root ofixhe left ear; R. A. 5h. 5m. 61s. ; Dec. 

6. 13* 08'. A 5, pale white ; B 9, clear grey. 

6. A bright stbllab nebula, under the Hare's feet ; R. A. 6h. 17m. SOs. ; Dec. S. 24* 89' 
09'. A fine object of a milky white tinge, and blazing towards the centre. HerscheT. 
describes it as ** a beautiful cluster of stars, nearly 8' in diameter, of a globular form^ 

and extremly rich." An imaginary line run from Betelguese before a Leporis, and o/flt 
3% will hit this olyect about 4* south-west of the latter. 



COLUMBA (noah's dove).— MAP III. 

80. This consteUation is situated about 16° S. of tho Hare, 
and is nearly on the same meridian with the " Three Stars," in 
the belt of Orion. It contains only 10 stars ; one of the 2d, 
one of the 3d, and two of the 4th magnitudes ; of these Phaet 
and Beta are the brightest, and are about 2^° apart. Phaet, 
the principal star, lies on the right, and is the highest of the 
two ; Beta may be known by means of a smaller star just east 
of it, marked Gamma. A line drawn from the eaeternmost star 
in the belt of Orion, 32" directly south, will point out Phaet ; if. 
is also 11^° S. of the lower left-hand star in the square of the 
Hare, and makes with Sirius and Naos, in the ship, a large equi- 
lateral triangle. 

79. >Vhat other name Iiis Alpha; and with Beta what does it form? What fUrthtf 
-Jescription ? 

HiSTOBY.— Why was Lepus placed in the heavens? 

Tklbscopig Objects.— Alpha ? Beta? Gamma? Iota? Kappa? Nebula? 

SO. Situatic n of Colmnba ? Number and size of stars ? The two brightest, and •itu^ 
tfon ? Uow find Phaet ? What figure does it help to form ? With what other ttani f 
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HISTORY. 



This constellation is so called in commemoration of the dove wb ch Noah ^ sect forkt 
to sec if the waters were abated from off the face of the ground," after the ark had 
rested on mount Ararat. *■'■ And the dove came in to him in the evening, and lo, in her 
mouth was an olive leaf plucked ofEl 



-" The surer messenger, 



A dove sent forth once and again to spy 
Green tree or ground, whereon his foot may light : 
The second time returning in his bill 
An olive leaf he brings, pacific sign 1" 

ERTDANUS (the river po).— MAP Ul. 

81 This constellation meanders over a large and very irregu- 
lar space in the heavens. It is not easy, nor scarcely desirable, 
to trace out all its windings among the stars. Its entire length 
is not less than 130° ; which, for the sake of a more easy refer- 
ence, astronomers divide into two sections, the northern and 
the southern. That part of it which lies between Orion and the 
Whale, including the great bend about hi^paws, is distinguished 
by the name of the Northern stream ; the remainder of it is 
called the Southern stream. 

82. The Northern stream commences near Rigel, in the foot of 
Orion, and flows out westerly, in a serpentine course nearly 40° 
to. the Whale, where it suddenly makes a complete circuit, and 
returns back nearly the same distance towards its source, but 
bending gradually down toward the south, when it again makes 
a similar circuit to the S. W., and finally clisappears below the 
horizon. 

West of Rigel th«re are five or six stars of the 8d and 4th magnitudes, arching up in a 
remi-circular form, a>id marking the find bend of the northern stream. About 8° below 
these, or 19* W. of Rifcl, is a bright star of the 2d magnitude, in the second bend of the 
northern stream, marked Gamma. This star culminates IS minutes after the Pleiades, 
and one hour and a quarter before Rigel. Passing Gamma, and a smaller star west of 
it, there are four stars nearly in a row, which bring us to the breast of C*'tus. 8* N. of 
Gamma, is a small stai named Kied^ which is thought by some to be consIa;:rabIy near^f 
the earth |han Sirius. 

Theemim^ in the southern stream, is a star of the 8d magnitude, about 17* S. W. of 
ttie square in Lepus, and may be k:..own by means of a smaller star 1° above it. Acher- 
nor is a brilliant star of the 1st magnitude, in the extremity of the southern stream; 
but having 58* of S. declination, can never be seen in this latitude. 

83 The whole number of stars in this constellation is 84 ; of 
which, one is of the 1st magnitude, one of the 2d, and eleven 
are of the 3d. Many of these cannot be pointed out by verbal 
description ; they must be traced from the map. 

History — Origin of this constellation ? 

81. What said of Eridanus? Length? How divided? 83. Trace the Northern 
«tream? Gamma? Theemim? Achernar? 83. Whole number of stars in Bridanos f 
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84 In the upper part of the Northern stream, near the feet 
of TanmSy nay be seen a modern, bat now discarded oonstella- 
tion, of which Captain Smyth says : " Abb^ Hdl (who also 
placed Ilerschel's Telescope among the celestials) has squeezed 
in his Ilarpa Georgii^ to compliment a sovereign of those realms ; 
iiaving filched from Eridanos about thirty or forty stars, some 
of Ihe 4th magnitude, for the purpose. 

BISTORT. 

Rridahoi Is the name of a celebrated rirer in Cinlplne Gaol, also caDed Padas. It* 
modem name it Po. Virgil calls it the king of lirera. The Latin poeti hare rendered 
It memorable from iti connection with the fable of PliaeteB, vho,betBg a eon «f Phoebu 
and Cljmene, became a favorite of Venus, who introsted him wiih the care of one of 
her temples. This faror of the goddess made him Tain, and he eoo^t of hla father a 
public and incontestable sign of his tenderness, that shonld conrince tbe vorid of hii 
•rigin. Phoebus, after some hesitation, made oath that he weald grant lilm wlutterer 
be required, %'xS no sooner was the oath uttered, than — 

*tThe jouth, transported, aslcs without del«7. 
To guide the sun's bright chariot for a daj. 
The god repented of the oath he toolc. 
For anguish thrice his radiant head he shook ;— 
My son, says he, some other proof require, 
Kash was my promise, rash was thy desire- 
Not JoTe himself, the ruler of the slcy. 
That hurls the three-forked thunder from abore. 
Dares try his strength ; yet who as strong as JoTef 
Besides, consider what impetuous force 
Turns stars and planets L*> a did rent course. 
I steer against their motions; nor am I 
Borne back by all the current of the sky: 
But how could you resist the orbs that roll 
In adverse whirls, and stem the rapid po'e?" 

Phoebus represented the dangers to which he would be exposed In Tain. He onder* 
took the aArial Journey, and the explicit directions of his father were fn^tten. Ne 
.ooner had IMiaeton received the reins than he betrayed his ignorance of the manner 
bf guiding the chariot. The flying coursers became sensible of tlie conftuioa of theit 
driver, and immediately departed from the usual track. Phaeton repented too late of 
Ills rahhnesH, and already heaven and earth were threatened with a uniTersal eoaila* 
gration as the consequence, when Jupiter, perceiving the disorder of the hones, atmck 
the driver with a thunderbolt, and hurled him headlong from lieaTen into the rfTcr 
Bridanus. Ills body, consumed with fire, was found by the- nymphs of the place, wiw 
honored him with a decent burial, and inscribed this epitaph opon hia tomb^— 

"/7/j Htun est PhaetoTif currua auriga patemi : 
Queue si rum tenwi^ magnU tamen eoacidU awtis.** 

Ifls sisters mourned his unhappy end, and were changed by Jupiter into poplan. 

** AH the long night their mournful watch they keep. 
And all the day stari round the tomb and weep." — Orn). 

It Is said the tears which they shed turned to amber, with which the PbcenioiaM 
and Carthaginians carried on in secrecy a most lucrative trade. The great heat pro> 
dnced on the occasion of the sun's departing out of his usual course, Ui said to haTa 
dried up the blood of the Ethiopians, and turned their skins black; and to haTe 
iuced sterility and barrenness over the greater part of Libya. 

" At once from life and from the chariot diiven, 

Th' ambitious boy fell thunderstruck from heaTen.** 

* * * * e e e 



S4. What discarded constellation mentioned? Is it on the map? Remark of Ourt. 

Smyth? *^*^ 

UiwruBT.— Named aftar what? Modern name? Fable of Phaeton? Its evMen* 
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"■The breathless Phaeton, with flaming haii, 
8hct from the chariot like a falling star, 
That in a summer's evening from the top 
Of heaven drOps down, or seems at least to drop, 
Till on the Po his blasted corpse was hurlM, 
Far from his co.untry, in the western world.*' 

The fable of Phaeton evidently alladet to some extraordinary heats whIiL w<i^% 
exoerienced in a very remote period, and of which only thia confused traditloo hatf 
ietcended to later times. 

TELESCOPIC OBJECTS. 

1. /? Eridani — A bright star with a distant telescopic companion, on the shin b«re aif 
Orion ; R. A. 4h. 59m. 59s. ; Dec. S. 5* 17' 9*. A 8, topaz yellow ; B 12, pale bla«. TLi* 
star is just above Rigel, in the direction of the Hyades. 

2. y EaiDANi — A star with a distant companion ; R. A. 8h. 50m. Sis. ; Dec. S. 13* 5S'. 
A 2)i, yellow; B 10 pale grey. 

8. A MILK WHITE mjcbula; R. A. 8h. 88m. 02s. ; Dec. S. 19* 04' 8'. Pale, distlpct, round, 
and bright in the centre. 

4. A PLANETARV NEBULA; R. A. 4h. 06m. 50s. ; Dec. S. 18* 09' 1*. About 4)$* from > 
in the direction of Rigel. A splendid though not very conspicuous object, of a g^eyisn 
white color. Map YUI., Fig. 84, represents it in its best aspects, highly magnified, 
with four telescopic stars in the field, two of which point exactly towards the nebula. 



SCEPTRUM BRAliJDENBURGIUM (soeptbk of bbandenbtjbq). 

MAP III. 

85. This is a slender constellation, situated between the two 
streams of the River Po. It was constructed bv Kirch, in 1688. 
and recognized by Bode a century afterwards; but is now geuc- 
rally discarded, though retained on the map. It is composed of 
foar stars of the 3d, 4th and 5th magnitudes, running north and 
south; and is usually included in Eridanus. 



AURIGA (the ohabioteeb). — ^MAP III. 

86. The Charioteer, called also the Wagoner, is represented 
on the celestial map by the figure of a man in a reclining posture, 
resting oue foot upon the horn of Taurus, with a goat and her 
kids in his left hand, and a bridle in his right. 

It is situated N. of Taurus and Orion, between Perseus on 
the W. and the Lynx on the E. Its mean declination is 45° 
N". ; so that when on the meridian, it is almost directly overhead 
in New England. It is on the same meridian with Orion, and 
culminates at the same hour of the night. Both of these con- 
stellations are on the meridian at 9 o'clock on the 24th of 

Tsursoopio OBJSors. — Beta? Oamma? Nebula? Point out on the map. 

S5. Describe the Sceptre of Brandenburgh ? Situation? When and by wboin conitl. 
fated? Is it recognised by astronomers? Number and magnitude of start? S6. Qov 
!• Auriga represented? Situation? When on the meridian ? 
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January, and 1 lionr and 40 minutes east of it on the /st Oi 
January. 

87. The whole number of visible stars in Auriga, is 66, 
including one of the 1st and one of the 2d magnitude, which 
mark the shoulders. Capella is the principal star in this con- 
gtellation, and is one of the most brilliant in the heavens. It 
takes its name from Capella, the goat, which hangs upon the 
left shoulder. It is situated in the west shoulder of Auriga, 24** 
E. of Algol, and 28° N. E. of the Pleiades. It may be known 
by a little sharp-pointed triangle formed by three stars, 3° or 4° 
this side of it, on the left. It is also 18° N. of El Nath, which 
is common to the northern horn of Taurus, and the right foot 
of Auriga. Capella comes to the meridian on the 19th of 
January, just 2|- minutes before Rigel, in the foot of Orion. 
which it very much resembles in brightness. 

MenkaUna^ in the east shoulder, is a star of the 2d magnitude, 7^* E. of Capella, and 
culminates the next minute after Bctelguese, 87^° S. of it. ThHa^ in the right arm, Is a 
star of the 4th magnitude, S° directly south of Menkalina. 

It may be remarked as a curious coincidence, that the two stars in the shoulders of 
Auriga are of the same magnitude, and just as far apart as those in Orion, and opposite 
tu them. Again, the two stars In the shoulders of Auriga, with the two in the shoulders 
of Orion, mark the extremities of a long, narrow parallelogram, lying N. and S., and 
whose length is just five times its breadth. Also, the two stars in Auriga, and the 
two in Orion, make two slender and similar triangles, both meeting in a common point, 
lalf way between them at El Nath, in the northern horn of Taurus. 

DetUi, a star of the 4th magnitude in the head of Auriga, is about 9* N. of the two in 
the shoulders, with which it makes a triangle, about half the height of those Just ailudetl 
to, with the vertex at Delta. The two stars in the shoulders are therefore the base of 
two similar triangles, one extending about 9* N. to the head, the other 18* £. to the heel, 
on the top of the horn : both figures together resembling an elongated diamond. 

Delta in the head, Menkalina in the right shoulder, and Theta in the ann of Aariga, 
make a straight line with Betelguese in Orion, Delta in the square of the Hare, and Beta 
in Noah's Dove ; all being very nearly on the same meridian, 48 W. of the sclstitial 
colure. 

" See next the Goatherd with his kids; he shines 
With seventy stars, deducting only four. 
Of which Capella never sets to us. 
Ani scarce a star with equal radiance beams 
Upon the earth : two other stars are seen 
Due to the second order." — EudoHa, 

niSTORV. 

The Greeks gWe variou)! accounts of this constellation ; some supposed it to l>e Erich- 

honius, the fourth king of Athens, and son of Vulcan and Minerva, who awarded hini a 

f.i;i- L> among the constellations on account of his many useful inventions. He was of a 

sionstrous shape. He is said to have invented chariots, and to have excelled all other* 

(u the management of horses. In allustftn to this, Virgil has the following lines '->> 

" Prlums Erichthonius currus et quatuor auFiis 
Jungcre tquos, rapidisque rotis insistere vicior." 

Geoi-gic. Lib. iii. p. 11& 

" Bold Erichthonlus was the ilrst who join'd 
Four horses for the rapid race design'd. 
And o'er the dusty wheels presiding sat." — Dr-jden. 



97. Number of stars visible? Magnitude and situation of Capella? TIow klUNmt 
tfenkalina? Delta compared wivh Tlieta? 
HitfiORT. — The flr<)i supposition ? Second? Third? Opinion of JainiesoD* 
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Other writers say that Bootes invented the chariot, and that Aariga was the son of 
Mercury, and charioteer to (Enomaus, king of Pisa, and so experienced, that he rendereii 
Iris horses the swiftest tn ali Greece. But as neither of these fables seems to account for 
the goat and her kids, it has been supposed that they refer to AmalthsBa and her sister 
Melissa, who fed Jupiter, during his infancy, with goat's milk, and that, as a reward for 
their kindness, they were placed in the heavens. But there is no reason assigned for 
their being placed in the arms of Auriga, and the inference is unavoidable, that 
Tnythology is at fault on this point. 

Jamieson is of opinion that Auriga is a mere type or scientiflc symbol of the beautiftil 
tvAAe of Phaeton, because he was the attendant of Phcebus at that remote period when 
Taurus opened the year. 

TELESCOPIC OBJECTS. 

1. a AjjmQM(Capdla) — A fine star with two distant companions, on the right shoulder- 
blade of Auriga ; R. A. 5h. 04m. 53s. ; Dec. N. 45* 49' 07'. A 1, bright white ; B 12, palo 
blue ; C 9, grey. 

2. /? AuRiOiB {Menkaliiia) — A bright star in the left shoulder, with a distant com- 
panion ; R. A. 5h. 47m. 4Ss. ; Dec. N. 44* 55' 8'. A 2, yellow; B 10 }i, bluish. 

8. A RICH CLUSTER of minute staiiv, on the left thigh ; R. A. 5h. 18m. 41s. ; Dec. N. 85* 
44' 9' A singular figure, somewhat like a cross. Find by a line from Rigel, northward! 

through Tauri, and abOut 7* beyond. 

4. A RBSOLVABLB NEBULA ; R. A. 5l . 20m. 51s. ; Dec. N. 84* 06' 9*. Situated in a ricb 
field of minute stars. 



OAMELOPARDALUS (the oamelopabd).— MAP VI. 

88. This constellation was made by Hevelius out of the 
Boformed stars which lay scattered between Perseus, Auriga, 
the head of Ursa Major, and the Pole star. It is situated 
directly N. of Auriga and the head of the Lynx, and occupies 
nearly all the space between these and the*pole. It contains 58 
small stars ; the five largest of which are only of the 4 th mag- 
nitude. 

89. The principal star lies in the thigh, and is about 20^ from 
Gapella, in a northerly direction. It marks the northern boun- 
dary of the temperate zone ; being less than one degree S. of 
the Arctic circle. There are two other stars of the 4th magni- 
tude, near the right knee, 12° N. E. of the first mentioned. 
They may be known by their standing 1° apart and alone. 

The other stars in this constellation are too small, and too much scattered to invite 
obserration. 

HISTORY. 

The Camelopard is so called from an animal of that name, peculiar to Ethiopia. This 
animal resembles both the camel and the leopard. Its body is spotted like that of tha 
ieopard. Its neck is about seven feet long, its fore and hind legs from the hoof to lu« 
bO'ond Joint, are nearly of the same length ; but from the second joint of the legs to the 
botly, the fore legs are so long in comparison with the hind ones, that no person could si*, 
opon '.ts back without instantly sliding off, as from a horse that stood up on his hind feet 

Tblbscopio Objects. — Alpha? Beta? Cluster? Nebnlse? 

88. Origin of Camelopardalus? Situation and extent? Number and sia« of its PtAmr 
W. Where is its prin npal star ? The next two? How known ? 
aoROBT --Any taythologiail story ? What said of the animal ? 

B.G. 3 
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TELESCOPIC OBJECTS. 

1. a CaMri oparoau — A neat ooublb btar between the hind feet of the animal, half waj 
between a Persei and 6 in the head of Auriga ; R. A. 4h. 19m. 28s. ; Dec N. 68* 88 8' 
A 73§, white; B 83$, sapphire blue. 

3. Another close doublb star, between the hind feet ; R. A. 4h. 27m. 188. ; Dec N. 58* 
09'. A 5^^ yellow ; B. TH* pale blue. 

8. A very delicate ooublb star in the animaPs hind hoof; R. A. 4h. 44m. 28s. ; Dec. N 
58* 29' 8'. A 5, white ; B 18, orange. 

4. A fine doublb star in the lower part of the back of the neck; R. A. 4h. 46m. 198. 
Dec. N. 79* 01' 8'. A 5)^, light yellow ; B 9, pale blue. 

5. A bright plasbtaat mbbola, of a bluish white tint, about 60' In diameter, in the 
lind flank of the animal, R. A. 4h. 68m. 29s. Dec. N. 60* 28' 6*. A curious body, in i* 
icli field of small stars. 



CHAPTER IV. 

CONSTELLATIONS ON THE MERIDIAN IN FEBRUARY. 

THE LYNX.— MAPS III. AND VI. 

^0. This constellation, like that of the Camelopard, exhibits 
ni very interesting features by which it can be distinguished. It 
co.itains only a moderate number of inferior stars, scattered 
over a large space N. of Gemini, and between Auriga and Ursa 
Major. 

91. The whole nuinber of stars in this constellation is 44, 
Including only three that are so large as the 3d magnitude. 
The largest of these, near the mouth, is in the solstitial colure, 
14^^ N. of Menkalina, in the E. shoulder of Auriga. The other 
two principal stars are in the brush of the tail, 3^° S. W. of 
another star of the same brightness in the mouth of the Lesser 
Lion, with which it makes a small triangle. Its centre is on 
the meridian at 9 o'clock on the 23d, or at half-past 7 on the 1st 
of February. 

TELESCOPIC OBJECTS. 

1. A dose DOUBLE STAR, in the nose of the Lynx ; R. A. 6h. 07m. 6l8. ; Dec. N.69* 25' 8* 
About 80* from the Pole star, on a line toward Sirius. A 6, and B 7^, both white. Afi 
elegant but difficult object. 

2. A c.?8e DOUBLB STAR In the eye of the Lynx, between Dubhi and Oapella; R. A. 6h 
8Sm. 578. ; Dec. N. 59° 87' 6*. A 5)$, golden yellow ; B 7, purple. A delicate and pretif 
object. 

8. A coarse triplr star on the animal's lower Jaw ; R. A. 6h. 12m. 60s. ; Dee. N. 08' 
29' 7'. A. A, orange tinge ; B 18, blue ; and C 9, pale garnet. 

4. A round nbbula, in the Lynx, or fore paws of Leo Minor; R. A. 9h. lim. 83s. 
Dec. N. 85* 11' 9*. It is pale white, sparkling in the centre. 



TiLBSCOPic Objects.— Alpha? What other double stars? Nebula? 
»). Describe the Lynx ? Situation ? 91 . Number and size of its stars f Wh«ra It til 
Urv«st Bitu&ted ? Tlie othei two principal etars ? 
TKLRiM>iPiC Oiubctb.— What double stars T Triple? Nebula 
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TELESCOriUM HEPwSOHELLII (heksohel's rELEsoop*).— 

MAP m. 

92. About midway between the body of the Lynx and Gemini, 
may be seen the rude figure of a refracting Telescope, with ltd 
stand. It was made out of a few unformed stars, by Abbo 
ICell, in honor of Sir William Herschel, but is now generally 
discarded. It is reta. ued on the map more as a matter of history 
than to perpetuate it as a constellation. 

GEMINI (the twins).— MAP HI. 

93. This constellation represents, in a sitting posture, the twin 
brothers. Castor and Pollux. It is the third sign^ but fourth 
aynsteUation in the order of the Zodiac, and is situated south of 
the Lynx, between Cancer on the east, and Taurus on the west. 

94. The plane of the Ecliptic passes through the centre of 
Gemini ; and as the earth moves round in her orbit from the first 
point of Aries to the same point again, the sun, in the mean- 
time, will a'ppear to move through the opposite signs, or those which 
are situated right over against the earth, on the other side of her 
orbit. Accordingly, if we could see the stars as the sun appeared 
to move by them, we should see it passing over the constellation 
Gemini between the 21st of June and the 23d of July; but we 
Heldom see more than a small part of any constellation through 
which the sun is then passing, because thr feeble lustre of the 
stars is obscured by the superior effulgence of the sun. 

When the stin Is Jnnt entering the outlines of a constellation eastward, Its eastern limit 
mav be seen in the evening t-wilight, just above the setting sun. So wiion the sun has 
Arrrved at the eastern limit of 9 constellation, the western part of it may be seen rising 
in the morning twilight, just before the rising sun. Under other circumstances, when 
the sun is said to be in. or to enter, a particular constellation, it is to be understood that 
that constellation is not ihen visible, but that those opposite to it are. For example : 
whatever constellation sets with the sun on any dav, it is {)laiu that the one opposite to 
It must be then rising, auil continue visible through the night Also, whatever constel- 
lation rises and sets witii the sun to-day, will, six months hence, rise at sun-setting, and 
set at sun-rising. For example: the sun is in the centre of Gemini about the Gth of July, 
and must rise and set with it on that day ; consequently, six months from that time, or 
about the 4th of Januarv, it will rise in the east, just when the sun is setting in tho 
west, and will come to the meridian at midnight; being then exactly opposite the sur.. 
And as the stars gain upon the sun at the rate of two hours every month, it follows tluvt 
the centre of this constellation will, on the 17th of February, come to the meridian throo 
Itonrs earlier, or at 9 o'clock in the evening. 

The sun is in the vernal equinox about the 21st of March, from whence it advances 



92. "What said of HerscheFs Telescope? Whv perpetuated on the map? 98. How ia 

l^c^inl represented ? Its order in the siffns, «c ? Situation ? 94 How with respect 

.. t''0 Ecliptic? What result from this nict? What remarks respecting the sonobd 
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lhrou;;h one sign or constellation every succeeding m)nth thereaf.er, and tljit e-vcL 
sanUeUatiiyn is one month in advance of the irign of that name: wherefore, reck l 
Hsoes in March, Ariea in April, Taurus in May, and Gctnini in June, Ac, beginning wttk 
each constellation at the 2l8t, or 22d of the month. 

05. Gemini contains 85 stars, including two of the 2d, three 
of the 3d, and six of the 4th magnitudes. It is readily recog- 
nized by means of the two principal stars, Castor and Pollux, 
of the I^t and 2d magnitudes, in the heads of the Twins, about 
4^° apart. 

ThiTt being only 11 minutes* difference in the transit of these two stars orer the meri« 
Cian, they may both be considered as culminating at 9 o'clock about the 24th of Fcbm- 
ary. Oastor., in the head of Oastor, is a star of the 1st magnitude, 43i* N. W. of Pol- 
ux, and is the northernmost and the brightest of the two. FoUtuo is a star of the 8d 
magnitude, in the head of Pollux, and is 4^* S. E. of Castor. This ia one of the •tan 
from which the moon*s distance is calculated in the Nautical Almanac 

" Of the famed Ledean pair, 

One most illustrious star adorns their sign, 
And of the second order shine twin lights.** 

96. The relative magnitude or brightness of these stars has 
undergone considerable changes at different periods ; whence it 
has been conjectured by various astronomers that Pollux must 
vary from the 1st to the 3d magnitude. But Herschel, who 
observed these stars for a period of 25 years, ascribes the varia- 
tion to Castor, which he found to consist of two stars, very 
close together, the less revolving about the larger once in 342 
years and two months. 

Bradley and Maskelyne found that the line Joining the two stars which form Castor 
was, at all times of the year, parallel to tlie line joining Castor and PoUux ; and that 
both of the former move around a common centre between them, in orbits noarly circa" 
.ar, as two balls attached to a rod would do, if suspended by a string aflDxcd to the cen- 
tre of gravity between them. 

** These men,'* says Dr. Bowditch, ** were endowed with a sharpness of vision, and a 
power of penetrating into spaise, almost unexampled in the history of astronomy.** 

97. About 20° S. W. of Castor and Pollux, and in a line 
nearly parallel with them, is a row of fitars 3° or 4** apart, 
chiefly of the 3d and 4 th magnitudes, which distinguish the feet 
of the Twins. The brightest of these is Alheruif in Pollux's 
upper foot ; the next small star S. of it, is in his other foot ; 
the two upper stars in the line next above Gamma, mark Cas- 
tor's feet. 

This row of feet is nearly two-thlrds of the distance from Pollux to Betelguese In Onon, 
and a line connecting them will pass through Alhena, the principal star in the feet. 
About two thirds of the distance from the two in the head to those in the feet, and nearly 
parallel with them, there is another row of three stars about 6* apart, which mark the 
knees. 



66. Number of stars in Gkmini? Magnitudes? How recognise this constellation f 
What said of the culmination of Castor, and of PoUux f M. Are they variable? What 
Aid Biadley and Maskelyne ascertain? Remark of Bowditch? 97. What constitut*' 
Uit/tet of Gemini ? Alhena ? How situated ? What n Ark the kneM t 
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I'S. There are, in this couste'Uation, two other remailj^ole 
parallel rows, lyin^ at right angles with the former ; une, lead- 
ing from the head to the foot of Castor, the brightest star being 
in the middle, and in the knee : the other, leading from the 
bead to the foot of Pollux, the brightest star, called Wasat, 
being in the body, and Zeta, next below it, in the knee. 

Wasat is in the ecliptic, and very near the center of the constellation. Tie two ntazH. 
Mu and Tcjat, in the northern foot, are also very near the ecliptic ; Tejat is a small stat 
of between the 4th and 5th magnitudes, 2" W. of Mu, and deserves to be noticed because 
It marks tho spot of the summer solstice, in the tropic of Cancer, just where the sun is on 
the longest day of the year, and is, moreover, the dividing limit between the torrid and 
the N. temperate eone. 

PropiM^ also in the ecliptic, 2}4* W. of Tejat, is a star of only the 5th magnitude, but 
rendered memorable as being the star which served for many yeara to determine the 
position of the planet Uerschel, after its first discovery. 

HISTORY. 

Castor and Pollux were twin brothers, sons of Jupiter, by Leda, the wife of Tyndarus, 
king of Sparta. The manner of their birth was very singular. They were educated at 
Fallena, and afterwards embarked with Jason in the celebrated contest for the golden 
fleece, at Colchis; on which occasion they behaved with unparalleled courage and 
bravery. Pollux distinguished himself by his achievements in arms and personal 
prowess, and Castor in equestrian exercises and the management of horses ; whence they 
are represented, in the temples of Greece, on white horses, armed with spears, riding 
Bide by side, their heads crowned with apetiisus^ on whose top glitters a star. Among 
the ancients, and especially among the Romans, there prevailed a superstition that 
Castor and Pollux often appeared at tlie head of their armies, and led on their troops to 
battle and to victory. 

** Castor and Pollux, first in martial force. 
One bold on foot, and one renown'd for horse. 

Fair Leda's twins in time to stars decreed. 

One fought on loot, one curb'd the fiery steed." — Virgil. 

•* Castor alert to tame the foaming^eed, 
And Pollux strong to deal the mamy deed." — Martial. 

Vhe brothers cleared the Hellespont and the neighboring seas from pirates after then 
return from Colchis ; from which circumstance they have ever since been regarded as 
the friends and protectors of navigation. In the Argonautic expedition during a violent 
storm, it is said two flames of fire were seen to play around their heads, and immediately 
the tempest ceased, and the sea was calm. From this circumstance, the sailors inferred, 
, that whenever both fires appeared in the sky, it would be fair weather ; but when only 
one appeared, there would be storms. 

St. Paul, after being wrecked on the island of Melita, embarked for Rome "in a ship 
trhose sign was Castor and PoUuae;^* so formed, no doubt, in accordance with the popu- 
lar belief that these divinities presided over the science and safety of navigation. 

They were initiated into the sacred mysteries of Cabiri, and into those of Ceres at 
Fleusis. They were invited to a feast at which Lynceus and Idas were going to celebrate 
their nuptials with Phoebe and Telaria, the daughters of Leucippus, brother to Tyndarus. 
Vhey became enamored of the daughters, who were about to be married, and resolved to 
supplant their rivals: a battle ensued, in which Castor killed Lynceus, and was himself 
killed by Idas. Pollux revenged the death of his brother by killing Idas; but being hiui- 
gelf immortal and most tenderly attached to his deceased brother, lie was unwilling to 
survive him ; he therefore entreated Jupiter to restore him to life, or to be deprived him- 
self of im mo rttility ; wherefore, Jupiter permitted Castor, who had been slain, to share 
the immortality of Pollux; and consequently as long as the one was upr.n earth, &o Icng 
wns- the other detained in the infernal regions, and they alternately lived and died evtry 
iay. Jupiter also further rewarded their fraternal attachment by changing them both 



98. What other remarkable rows of stars in Gemini ? Situation of Wasat f Of Tejat f 
Ot Propuat 

HkOTOBT. — Myth of the parentage of Gemini ? Their achievements? Roman supeiiti- 
»Jot t That of sailors f Allusion of St. Paul? Stuiy of the :'atai wedding? 
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Into a constellation nnder the mime of Oemini^ IkoinSf which, it id xtrangely pretoodod^ 
aerer appear together, bat when one rises the other sets, a&d so on, alternately. 

** By tuns they visit this ethereal sky. 
And live alternate, and alternate die." — Homer, 

** PcUux, cffering his alternate life, 
Could free his brother, and could daily go 
By turns aloft, by turns descend below."— Vtrgik 

Castor and Pollux were worshiped both by the Greeks and Romans, who 8aerifloe4 
white lambs upon their altars. In the Hebrew Zodiac, the constellation of the Twin? 
refers to the tribe of Bcigamin. 

TELESCOPIC OBJECTS. 

1. a Geminorum {Castor) — ^A neat doublk star ; K. A. 7h. 24m. 28s. ; Dec. N. 82* 14'* 
A 3. bright white; B 83i^, pale white; with a third star of the 11th magnitAle about 72* 
distant. A Binary System, with a probable period of 282 years. A beautiful ol^oct, and 
easily found. Map VIII., Fig. 4. 

2. /-? GEMiMORaM— A QUAORUPLi STAR in the eye of Pollux, R. A. 7h. 85m. 81s.; Deo 
N. 28* 25' 4'. A 2, orange tinge ; B 12, ash-colored ; C 11, pale violet, with anothex 
minute companion visible with the best instruments. 

8. y Geminorum {Alhendy~A coarse triple stab, in the right foot of Pollux *. R. A. 
6h. 2am. 28s. ; Dec. N. 16*> 81' 8*. ; A 8, brUliant white; B 18, and C 12, both pale plum 
color. It is on a line from Rigel to /3 Geminorum, and nearest the former. 

1. J Geminordm (Wasaf}—A doublb stab on the right hip of Pollux; R. A. 7h. lOm. 
848. ; Dec. N. 22* 16' 3'. A 8>$, pale white ; B 9, purple. 

5. e Geminorum {Mductd) — A stac with a distant companion, on Castor's right knee , 
R. A. 6h. 84m. 05s. ; Dec. N. 25* 16* 9". A 8, white ; B 9)i, cerulean blue. 

6. ^ Geminorum — A coarse triple star on the right knee of Pollux ; R. A. 6h. 54m. 378. ; 
Dec. N. 20° 47' 9". A 4, pale topaz ; B 8, violet ; C 18, giey. 

7. A cluster, near the right foot of Castor ; R. A. 5h. 59m. 01s. ; Dec. N. 24* 21' 8*. A 
gorgeous field of stars from the Uili to the iCth magnitudes. 

8. A cluster in the calf of Pollux's right leg ; R. A. Q}i. 45m. 56s. ; Dec. N. 18* 10' 5'. 
A faint angular group of extremely small stars, in a rich region, but seen with difficulty. 
See Map VIII., Fig. 35. 

9. A COMPRESSED CLU8XER Under the left shoulder of Pollux ; one-third the distance 
from /? Geminorum, to (i Canis Minoris ; R. A. 7h. 28m. 57s. ; Dec. N. 21* 55' 7*. A 
faint object about 12 in diameter, wi^h a small star near the centre. Map VIIL, Fig. 86. 

OANIS MINOR (the little dog).— MAP III. 

99. This small constellation is situated about 6° N. of the equi- 
noctial, and midway between Canis Major and the Twins. It 
contains 14 stars, of which two are very brilliant. The brightest 
star is called Procyon, It is of the 1st magnitude, and is about 
4° S. E. of the nsxt brightest, marked Gomdza, which is of the 
3d magnitude. These two stars resemble the two in the head 
of the Twins. Procyon, in the Little Dog, is 23° S. of Pollux 
111 Gemini, and Gomelza is about the same distance S. of Castor. 

100. A great number of geometrical figures may be formed 
of the principal stars in the vicinity of the Little Dog. For 
example : Procyon is 23° S. of Pollux, and 26° E. of Betel- 

TiLBSCOPio Objects.— Alpha? Beta? Gamma? Delta, Ac? Olusters? Which 
«kown on the map ? 

99. Where is Canis Minor situated? Number of stars ? Name of brightest? Mag* 
litude? Next brightest? What do these two resemble? 100. What said of geoma- 
rlcal figures? Of the name Procyouf Its import? 
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j^uese, and forms with them a large right-angled triangle 
Again, Procyon is equi-distant from Betelguese and Sirius, and 
forms with them an equilateral triangle whose sides are each 
about 26°. If a straight line, connecting Procyon and Sirius, 
be produced 23° farther, it will point out Phaet, in the Dove. 

Procyon is often taken for the name of the Little Dog, or for the whole constellation, 
OS Sirius is for the greater one ; hence it is common to refer to either of these constet- 
lations by the name of its principal star. Procyon comes to the meridian bS minut«'« 
after Sirius, on the 24th of February ; although it rises, in this latitude, about half an 
hour b^fin-e it. For this reason, it was called Procyon^ from two Greek words which 
signify (Ante OcmU) ** before the dog." 

insToar. 

The Little Dog, according to Greek fable, is one of 0rion*8 hounds. Some suppose it 
refers to the Egyptian god Anubis, which was represented with a dog's head ; others to 
Diana, the goddess of hunting ; and others, that it is the faithful dog Masra, which 
belonged to Icarus, and discovered to his daughter Erigone the place of his burial. 
Others, again, say it is one of Actseon's hounds that devoured their master, after Piaua 
had transformed him into a stag, to prevent, as she said, his betraying her. 

*' This said, the man began to disappear 
By slow degrees, and eD<led in a deer. 
Transformed at length, he flies away in haste, 
And wonders why he flies so fa&t 
But as by chance, within a neighboring brook, 
He saw his brancliing horns, and alter'd look. 
Wretched Acteon ! in a doleful tone 
He tried to speak, but only gave a groan ; 
And as he w«pt, within the watery glass. 
He saw the big round drops, with silent pace, 
Run trickling down a savage, hai,ry face. 
What should he do ? or seek his old abodes. 
Or herd among the deer, and skulk in woods ? 
As he thus ponders, he behind him spies \ 

His opening hounds, and now he hears their cries. 
From shouting men, and horns, and dogs he flies. 
When now t'.e fleetest of the pack that pressM 
Close at his heels, and sprung before the rest. 
Had fastened on him, straight another pair 
Hung on his wounded side, :ind held him there, 
Till all the pack came up, and every hound 
Tore the sad huntsman groveling on the ground." 

It Is not difficult to deduce the moral of this fable. The selfishness and caprice of 
littn.an friendship furnish daily iUustrntions of it. While the good man, the philanthru* 
plst, or the public benefactor, is in affluent circumstances, and, with a heart to devise, 
has the power to minister blessings to his numerous beneficiaries, his virtues are the 
general theme ; but when adverse storms have changed the ability, though they could 
not shake the will of their benefactor, he is straightway pursued, like Actason, by his own 
bounds; and, Hke Actason, he is *Uorn to the ground" by the fangs that fed upon his 
bounty. 

It is most probable, however, that the Egyptians were the inventors of this cor.- 
ftdUation , and as it always rises a little before the Dog Star, which, at a particular 
leason, they so much dreaded, it is properly represented as a little watchful crea> 
hir«*. giving noti*<e like a faithful sentinel of the other's approach. 

TELESCOPIC OBJECTS. 

1. a Oavis Mikoris {Procyon) — A bright star in the loins of the Jog with a distan 
.ompaDv>n j R. A. 7h. 80m. &5s ; Dec. N. 5* 87' 8*. A 1}$, yellowish white ; B 8, orango 
int. beveral small stars in the field. 

HiSTORT. — ^What Is the Little Dog supposed to represent? Fable of Act&M>nV l*« 
moral ? Who probably invented this constellation ? To represent what* 
Tvi.Kscopic Objects. — Alpha ? Beta ? Double star ? Triple ? 
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S. 3 Caxis Mixoris {Oonulzay-S. wide triplb star in theneck; R. A. 7h. ISm. St^s 
Dec. N. 8' 86 4'. A 8, white ; H 12, orange ; 10, flushed— the last coarsely d >uble with 
one of the same magnitude. Other stars in the field. 

8. A close DOCBLK STAR, in a fine vicinity in the loins ; R. A. 7h. 81m. 87s. ; I>ee. M. 0* 
B5 7'. A 7, white ; B 8, ash-colored, with a mhiute blue star 2' distant. 

4. A WIDE TRIPLB STAR, 6" S. E. of Procyou ; R. A. 7h. fiOm. OSs.; Dec. N. i'SS* 8*. A 
I, pale white ; U S, bluish ; C 9, blue. * 



MONOCEROS (TUB unioobn).— MAP III. 

101. This is a modern constellation, made out of the aiiformc<i 
stars of the ancients that lay scattered over a large space of 
the heavens between the two Dogs. It extends a considerable 
distance on each side of the equinoctial, and its centre is on the 
same meridian with Procyon. 

102. It contains 31 small stars, of which the seven principal 
ones are of only the 4th magnitude. Three of these are situ- 
ated in the head, 3° or 4° apart, forming a straight line N. E. 
and S. W. about 9° E. of Betelguese in Orion's shoulder, and 
about the same distance S. of Albena in tlie foot of the twins. 

The remaining stars in this constellation are scattered over a 
large space, and being very small, are unworthy of particular 
notice. 

HISTORY. 

The Monoceros is a species of the Unicorn or Rhinoceros. It Is about the size of a 
horse, with one white horn growing out of the middle of its forehead. It Is said to exist 
In tlie wilds of Ethiopia, and to be very formidable. 

Naturalists say that, when pursued by the hunters, it precipitates Itself from the 
tops of the highest rocks, and pitches upon its horn, which sustains the whole force of 
its fall, so that it receives no damage thereby. Sparmann informs us, that the figure of 
the unicorn, described by some of the ancients, has been found delineated on the surface 
of a rock in Caffraria ; and thence conjectures that such an animal, instead of being 
/abiUotiSf as some suppose, did once actually exist in Africa. Lobo affirms that he has 
seen it. 

The rhinoceros^ which is akin to it, is found in Bengal, Siam, Cochin China, part of 
China Proper, and the isles of Java and Sumatra. 

TELESCOPIC OBJECTS. 

1. A most delicate double star (/), in the Unicorn's eye; R. A. 6h. 26m, 06s. ; Dec. N. 
T" 41' 06'. A 6, yellowish white : B 16, dusky. A difficult object. 

2. A neat double star (&), in the nostril, 7^* east of Setelgueaa; R. A. 6h. 15xn. ITs.; 
Dec. N. 4° 40' or. A 5Ji, golden yellow ; B 8, lilac. 

8. A flue TRIPLE STAR In the right fore-leg; R. A. 6h. 21m. 048.; Dec. 8. 6* 66' 01". A 
6)$, white ; B 7, and C 8, both pale white. A ray shot from the Bull's eye through BelU- 
trix, and rather more than as far again, will pick it up. Supposed by Herschel to b<* a 
Criple 8i/8temy periods A B 17,000 ys. B C 1000. Shown double only on the map of 
the constellations. Telescopic view. Map VIII., Fig. 6. 

4. A delicate triple star, in a magnificent stellar field, between the Unicorn's ears • 
R. A. 6h. 82m. lOs. ; Dec. N. 10° 02' 02'. One-third the distance li-om Frocyon to AUU- 
t>afaty. A 0, giecvish ; B 9^, pale grey; C 16, blue. A fine object. 

101. Character and situation of Monoceros? Extent? 102. Number and slse of iU 
ltar» ? How three of the largest situated? 
HwitjrT,— What said of the animal itself? Is it not wholly fabulous f 
Tkumcupic Objects.— Double stars ? Triple ? Any shown on the map t 
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CANIS MAJOR (the great dog).— MAP III. 

103. This interesting constellation is situated southward and 
eastward of Orion, and is universally known by the brilliance 
of its principal star, SiriuSj which is apparently the largest and 
brightest in the heavens. It glows in the winter hemisphere with 
a lustre which is unequaled by any other star in the firmament. 
Its distance from the earth, though computed at 20 millions 
of millions of miles, is supposed to be less than that of any other 
star : a distance, however, so great that a cannon ball, which 
flies at the rate of 19 miles a minute, would be two millions of 
years in passing over the mighty interval ; while sound, moving 
at the rate of 13 miles a minute, would reach Sirius in little less 
than three millions of years. 

It may be shown in the same manner, that a ray of light, which occupies only 8 minutes 
and 18 seconds in coming to us from the sun, which is at the rate of nearly two hundred 
thousand miles a second, would be 8 years and 82 days in passing through the vast space 
that lies between Sirius and the earth. Consequently, were it blotted from the heavens, 
Its light would continue visible to us for a period of 8 years and 82 days after it had 
ceased to be. 

If the nearest stars give such astonishing results, what shall we say of those which are 
situated a tliousand times as far beyond these, as these are from us ? 

104. In the remote ages of the world, when every man was 
his own astronomer, the rising and setting of Sirius, or the Dog 
Star, as it is called, was watched with deep and various solici- 
tude. The ancient Thebans, who first cultivated astronomy in 
Egypt, determined the length of the year by the number of its 
risings. The Egyptians watched its rising with mingled appre- 
hensions of hope and fear ; as it was ominous to them of agri- 
cultural prosperity or blighting drought. It foretold to them 
the rising of the Nile, which they called Siris, and admonished 
them when to sow. 

105. The Romans were accustomed yearly to sacrifice a dog 
to Sirius, to render him propitious in his influence upon tlieir 
herds and fields. The eastern nations generally believed the 
rising of Sirius would be productive of great heat on the earth. 

Tki» Virgil :— 

" Turn sleriles exurere Sirius agros ; 

Ardebant herbse, et victum seges asgra negabat." 

" Parched was the grass, and blighted was the com : 
Nor *scape the beasts ; for Sirius from on high, 
With pestilential heat infects the sky." 



tOS. Situation of Ganis Major? How known? Supposed distance of Sirius? IIlui^ 
trated by the speed of a cannon ball ? Of light ? 104. How was Sirius regarded by Mk 
undents ? Use made of it by the Thebans ? The Egyptians ? 106. Practice At Uit 
Rotuans? 
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106. Accordingly, to that season of the year when Sirius rose 
with the sun and seemed to blend its own influence wiih the 
heat of that luminary, the ancients gave the name of Dog-days, 
{Dies ca/fdcula:is.) At that remote period the Dog-days com- 
menced on the 4th of August, or four days after the summer 
solstice, and lasted forty days, or until the 14th of September. 
At present the dog-days begin on the 3d of July, and continue 
to the 11th of August, bieing one day less than the ancients 
reckoned. 

lot. Hence, it is plain that the Dog-days of the moderns 
have no reference whatever to the rising of Sirius, orany other 
star, because the time of their rising is perpetually accelerated 
by the precession of the equinoxes : they have reference then 
only to the summer solstice, which never changes its position in 
respect to the seasons. 

The time of Sirius* rising varies with the latitude of the place, and in the same latitude, 
is sensibly changed after a course of years, on account of the precession of the equinoxes. 
This enables us to determine with approximate accuracy, the dates of many events of 
antiquity, which cannot be well determined by other records. We do not know, for 
.nstance, in what precise period of the world Hesiod flourished. Yet he tells us in his 
Opera et Diea^ lib. ii. v. 185, that Arcturus in his time rose heliacally, 60 days after the 
winter solstice, which then was in the 9th degi-ee of Aquarius, or 89° beyond its present 
position. Now 89° : 60)4' =2794 years since the time of Uesiod, which corresponds very 
nearly with history. 

108. When a star rose at sun-setting, or set at sun-rising, it 
was called the Achronical rising or setting. When a planet or 
star appeared above the horizon just before the sun, in the morn- 
ing, it was called the Heliacal rising of the star ; and when it 
sunk below the horizon immediately after the sun, in the evening, 
it was called the Heliacal setting. 

According to Ptolemy, stars of the^rd^ magnituie are seen rising and setting when the 
sun is IS* below the horizon ; stars of the 2u magnitude require the sun's depression hO 
be 18' ; stirs of the 8d magnitude, 14' , and so on, allowing one degree for each nuti^l- 
tude. The rising and setting of the stars described in this way, since this mode of 
description often occurs in Hesiod, Virgil, Columella, Ovid, Pliny, &c., are called pojbU)al 
n^ing and setting. They served to mark the times of religious ceremonies, the season:} 
allotted to the several departments of husbandry, and the overflowing of the NiU. 

109. The student may be perplexed to understand how the 
Dog Star, which he seldom sees till mid-winter, should be asso- 
ciated with the most fervid heat of summer. This is explained 
by considcriug that this star, in summer, is over our heads iu 
tlie daytime, and in the lower hemisphere at night. As "thick 
the floor of heaven is inlaid with patinas of bright gold,'' by day, 

106. Origin of the phrase Dog-day* T When did they begin in the time of Virgil ? At 
#hat time now? 107. What inference from these facts? What variation in the tim« 
of Sirius* rising f What calculation by knowing the time when Sirius rone, at any period If 
U>S. What are the AcIirorUcal and Heliacal ri«ing or setting of a star or planet? Br 
mark of Ptolemy in regard to rising and settmg of the stars ? 109. Uow is It ftliit 
liriua a winter star, is associated with the heat o^ summer? 
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lis by nfght ; but on account of the superior splendor of the suu, 
we cannot see them. 

110 Sirius is situated nearly S. of Alhena, in the feet of the 
Twins, and about as far S. of the equiuoctial as Alhena is N. 
of it. It is about 10° E. of the Hare, and 26° S. of Betel- 
guese in Orion, with which it forms a large equilateral triangle. 
It also forms a similar triangle with Phaet in the Dove, and 
Naos in the Ship. These two triangles being joined at their 
vertex in Sirius, present the figure of an enormous X, called by 
some, the Egyptian X. Sirius is also pointed out by the direc- 
tion of the Three Stars in the belt of Orion. Its distance from 
them is about 23°. It comes to the meridian at 9 o'clock on 
the 11th of February. 

111. Mirzam, in the foot of the Dog, is a star of the 2d mag- 
nitude, 5^° W. of Sirius. A little above, and 4° or 5° to the 
left, there are three stars of the 3d and 4th magnitudes, forming 
a triangular figure somewhat resembling a dog's head. The 
brightest of them, on the left, is called Muliphen. It entirely 
disappeared in 1670, and was not seen again for more than 20 
years. Since that time it has maintained a steady lustre. 

112. Wesen is a star of between the 2d and 3d magnitudes, 
m the back, 11° S. S. E. of Sirius, with which, and Mlrzam in 
the paw, it makes an elongated triangle. The two hinder feet 
are marked by Naos and Lambda, stars of the 3d and 4 th 
magnitudes, situated about 3° apart, and "12° directly S. of the 
fore foot. This constellation contains 31 visible stars, including 
one of the 1st magnitude, four of the 2d, and two of the 3d ; 
x\\ of which are easily traced out by the aid of the map. 

HISTORY. 

M anilius, a Latin poet who flourished in the Augustan age, wrote an admirable poem, 
.' ^re books, upon the fixed sta'*-', in which he thus speaks of thia constellation: 

" All others he excels ; no fairer light 
Ascends the skies, none sets so clear and bright." 

iM.: EuDOBiA best describes it— 

**Next shines the Dog with sixty-four distinct; 
Famed for pre-eminence in envied song, 
Theme of Homeric and Virg^lian lays ; 
Uis fierce mouth flames with dreaded Sirius ; 
Three of his stars retire with feeble beams." 

A'xoi ILy to some mythologists, this constellation represents one df Orion's hound^ 
iClnb jrai ) Vxced in the sky, near this celebrated huntsman. Others say it received its 
t::mc 'n to.-i- r of the dog given by Aurora to Cephalus, which surpassed in speed all the 

110. Bi*t».*Kt of Sirius? What triangles? 111. Position ana size of MirzamT 
ther start ^ '.if'U ">hen ? " 112. Wesen? What oiher stars ? Whole number? 

U:8Ti)ii\. - 'U . j» xaasical description of Canis Major ? What different accounts of \x* 
ngmV 
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animals of hid ffpecies. Gephalus, it Is said, attempted to prove' this byrunnin; htni 
against a fox, whicli, at that time, was thought to be the fleetest of ail ailmails. Att«» 
they had run together a long time, without either of them obtaining the victory, it If 
said ihat Jupiter was so much gratified at the fleetness of the dog, that he assigned him 
a place in the heavens. 

but the Dame and form of this constellation are, no doubt, derived from the Fgyp- 
tians, who carefully watched its rising, and by it judged of the swelling of the Nile, 
which they ca.ted Sir*«, and, in their hieroglyph ical manner of writing, since it was, an 
it were, the sentinel and watch of the year, represented it under the figure of a dog 
They observed that when Sirius became visible in the east, Just before the morning dawn, 
the overflowing of the Nile immediately followed. Thus it warned thenc; like a faithful 
dog, to escape from the region of 4he inundation. 

TELESCOPIC OBJECTS. 

1, a Canis Majokis — A brilliant star, with a distant companion ; R. A. 6h. 88m. 068.; 
pec. S. 16** 8(K 1. A 1, brilliant white ; B 10, deep yellow, other distant Bmall stars la 
the field. 

2. 6 Canis BIajoris — A star with a distant companion in the loins ; R. A. 7h. 01m. G8s. ; 
Dec, S. 26» 08' 6". A 8H, light yellow ; B 7)^, very pale. Otl: ^r small stars in the fielJ, 
A line from Betelgueae through Hirivs intercepts it 12* below the latter star. 

8. E Canis Majoris {Adhara) — A star with a distant companion in the belly ; R. A 
Hh. 52m. 20s. Dec. S. 28* 45' 5'. A 2>^, pale orange : B 7, violet. Found by running t, 
line from the middle of Orients belt throu/rh /? just west of Sirius, to about 14* beyond 
the latter star. 

4. A CLUSTER in the back of the head ; R. A. 6h. 52m. 10s. ; Dec. S. 18* 29' 2*. Tole- 
rably compressed ; stars of the 8th to 11th magnitudes, of which the four principal 
form the letter Y. 

6. A CLUSTER between Sirius and Monoceros ; R. A. 7h. 10m. 85s. ; Dec. S. 15* 21' 4' 
Btars principally of the 10th magnitude. Discovered by Miss llerschel in 1785. 



CHAPTER V. 

CONSTELLATIONS ON THE MERIDIAN IN MARCH 

ARGO NAVIS (the ship aijgo).— MAP III. 

113. This constellation occupies a large space in the southern 
hemisphere, though but a small part of it can be seen in the 
United States. It is situated S. E. of Cams Major, and may 
be known by the stars in the prow and deck of the ship. 

114. If a straight line joining Betelguese and Sirius, be pro- 
duced 18° to the southeast, it will point out Naos^ a star of the 
2d magnitude, in the rowlock of the ship. This star is in the 
S. E. corner of the Egyptian X, and of the large equilateral 
triangle made by itself with Sirius and the Dove. When on tho 
meridian, it is seen from this latitude about 8° above the south 

Trlesoopio Objects.— Alpha f Delta? Epsilon? What clusters? 
118. Sise and situation of Argo Navis? How knr>wn? 114. How 17 du yth^ atiiJ 
where situated llow high when on the meridian V i 
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em horizon. It comes to the meridian on the 3d of Marcli, 
about half an hour after Frocybn, and continues visible but a 
few hours. 

115. Gamma^ in the middle of the ship, is a star of the 2d 
magnitude, about 7° S. of Naos, and just skims above the south- 
ern horizon for a few minutes, and then sinks beneatli it. The 
principal star in this constellation is called after one of the 
pilots, Canopus; it is of the 1st magnitude, 36'' nearly S. of 
Sirius, and comes to the meridian 17 minutes after it ; but hav- 
ing about 53® of S. declination, it cannot be seen in the Northern 
Staterv. The same is true of Miaplacidus, a star of the 1st mair"i- 
tude in the oars of the ship, about 25° E. of Canopus, and 61" 
S. of Alphard, in the heart of Hydra. 

An observer in the northern hemisphere, can see the stars as many degrees south ol 
the equinoct'al in the southern hemisphere, as his own latitude lacks of 90°, and no 
more. 

116. Market^ is a star of the 4th magnitude, in the prow of 
the ship, and may be seen from this latitude 1 6° S. E. of Sirius, 
and about 10° E. of Wesen, in the back of the Dog. This stai 
may be known by its forming a small triangle with two others 
of the same magnitude, situated a little above it, on the E., 3^ 
and 4° ai)art. 

117. This constellation contains 64 stars, of which two aro 
ol the 1st magnitude, four of the 2d, and nine of the 3d. Mosc 
of these are too low down to be seen in the United States. 

HisToay. 

This constellation is intended to perpetuate the mtmory of the famous ship which car- 
ried Jason and liis M companions to Colchis, when they resolved upon the periluuj 
expedition of recovering the golden fleece. The derivation of the word Argo has been 
often disputed. Some derive it from Argos, supposing that ttiis was the name of the 
person who first proposed the expedition, and built the ship. Others maintain that it 
was built at Argos, whence its name. Cicero calls it Argo, because it carried Grecians^ 

commonly called Argives. Diodorus derives the word from uf)yb:^ which sxgai&es fiwift. 
Ptolemy says, but not truly, that Hercules built the ship, and called it Argo, after a son 
o. Jason, who bore the same name. This ship had fifty oars, and being thus propelled ^ * 
must have fallen far short of the bulk of the smallest ship craft used by moderns. It i& 
even said that the crew were able to carry it on their backs from the Danube to the 
Adriatic. 

According to many authors, she had a beam on her prow, cut in the forest of Dodona 
by Minerva, which had the power of giving oracles to the Argonauts. This ship was the 
^st, it is said, that ever ventured on the sea. After the expedition was finished, and 
Jason had returned in triumph,* he ordered her to be drawn ashore at thj isthmus of 
Corinth, and consecrated to Neptune, the god of the sea. 

Sir Isaac Newton endeavors to settle the period of this expedition at about 80 ycaia 

115. Size and situation of Gamma? Name the principal star in this constellation 1 
its magnitude? Is it ever seen in the U. S. ? What said of Miaplacidus? Remark iu 
fine print? 116. Wha'. said of Markeb? How known? 117. Number of stars in 
Argo Na vis? Magnitudes? 

HtSTOfcT. — ^1>esign of th's constellation? Import of the term Argot Size and struts- 
ture of tiie ship? What myth respecting this ship? What remark renpectiaK Hb 
Isaac Newton? Dr. Brya it*8 opinion ? 
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belore the de.3trucUon of Troy, and 48 years after the death of SoioiLon. Dr. Bryant 
boivever, r^ects the history of the Argonautic expedition as a mere fiction of the GreekJ, 
nud bapposes tliat this group of stars, which the poets denominate Argo Navis, refers to 
Noalt's arlc and the deluge, and that the fable of the Argonautic expedition is founded 
on cei *ain Egyptian traditions that related to the preservation of Noah and his family 
(luring the tioud. 

TELESCOPIC OBJECTS. 

«, Aboo Nat[s — A star with a distant companion; R. A. Sh. 00m. 44i.; Dec. 8. 28* 
CO' 8*. A 8}$, pale yellow; B 10, greyish. Other small stars in the field. 

2. A SMALL OALAXT CLUSTER; R. A. 7h. 37m. 44s ; Dec. S. 28° 29' 1'. 

a. A neat doublb star ovei the ship's stern ; R. A. 7h. ^m. OSs. ; Dec. S. 14' 18' &*. 
A 7, silvery white; B 7Ji, pale white. 

4 A close DOUBLE star over the Argo's stern ; R. A. 7h. 40m. 27s. ; Dec. S. 11* 48' tt** 
A 7 H, pale yeUow ; B 9, light blue. 

5. A bright planetary nebula ; R. A. 7h. 84m. 40s. ; Dec. S. 17* 50' 2'. A fine ol](jert| 
pale bluish white, and may be identified by several small stars in its vicini^. See Map 
VJIL, Fig. 87. 



GANGER (THE ORAB).— MAP lU- 

118. Cancer is now the fifth constellation and fourth sign ot 
the Zodiac. It is situated in the ecliptic, between Leo on the 
K. and Gemini on the W. It contains 83 stars, of which one is 
of the 3d, and seven of the 4th magnitude. Some place the first- 
mentioned star in the same class with the other seven, and con- 
sider none larger than the 4th magnitude. 

119. Beta is a star of the 3d or 4th magnitude, in the south- 
western claw, 10° N. E. of Procyon, and may be known from 
the fact that it stands alone, or at least has no star of the same 
magnitude near it. It is midway between Procyon and Acubens. 

120. AcubenSj is a star of similar brightness, in the south- 
eastern claw, 10° N. E. of Beta, and nearly in a straight line 
with it and Procyon. An imaginary line drawn from Capella 
through Pollux, will point out Acubens, at the distance of 24** 
from Pollux. It may be otherwise distinguished by its standing 
between two very small stars close by it in the same claw. 

121. The southern Asellus, marked Delta, is situated in the 
line of the ecliptic, and, in connection with Wasat and Tejat, 
marks the course of the earth's orbit for a space of 36® frcwn 
the solstitial colure. 

A few degrees S. of Cancer, and about 17* E. of Procyon, are foar start of the 4th 
magnitude, 8* or 4* apart, which mark the head of Hydra. The rest cf ttia conttellation 
I» delineated on Map IV. 



TELESCono Objects.— Iota? What cluster? Double stars? Nebtdaf Point oat «i 
the .nap ? 

118. Place of Canccv in the Zodiac? In other respects? Number and siie of ftr 
stars r 119. Beta? How known? 120. Acubens? How found? ISl. SIttuUloB 
'^f Helta? Remarks respecting Hydra? Respecting the sign Cancer? 
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The beginning of the sign Cancer (not the constellation; is called the Tropie of Ccuu 
Mr, and when the sun arrives at this point, it has reached its utmost limit of north decli- 
nation, where it seems to remain stationary a few days before it begins to decline again 
to the south. This stationary attitude of the sun is called the summer solgtice; from two 
LatUi words signifying the smi^a standing atiU. The distance from the first point of 
Cancer to the equinoctial, which, at present, is 23° 27^3*, is called the obliquUy of VU 
ecliptic. It is a remarkable and well ascertained fact, that this is continually growing 
less and less. The tropics are slowly and steadily approaching the equinoctial, at the 
rate of about half a second every year; so that ihe sun does not now come so far north 
of the f^quator in summer, nor decline so far south in winter, as it must have done at t>.e 
creation, by nearly a degree. 

HISTORY. 

In the Zodiacs of Esne and Dendera, and in most of the astrological remains of Egjrpt. 
n Scarabseus, or Beetle, is used as the symbol of this sign ; but in Sir William Jones* 
Oriental Zodiac, and in some others fouod in India, we meet with the figure of a crab. 
As the Hindoos, in all probability, deriv%. 1 their knowledge of the stars from the Chal- 
deans, it is sup** '^sed that the figure of the crab, in this place, is more ancient than the 
Beetle. 

In some es ^tern representations of this sign, two animals, like asses, are found in this 
division of t.e Zodiac; and as the Chaldaic name for the ass may be translated mttddi- 
ii«M, it is supposed to allude to the discoloring of the Nile, which river was rising when 
the sun entered Cancer. The Greeks, in copying this sign, have placed two asses as the 
appropriate symbol of it, which st.il remain. They explain their reason, however, for 
adopting this figure, by saying that these a?e the animals that assisted Jupiter in his 
victory over the giants. 

Dopuis accounts for the origin of the asses in the following words : — " Le Cancer on 
sont les ^toiles appellees les anes, forme i'empreinte du pavilion d' Issachar que Jacob 
assimile k Vane." 

Mythol(^ sts give different accounts of the origin of this constellation. The prevaf» 
ing opinion .s, that while Uercules was engaged in his famous contest with the dreadful 
Lernssan monster, Juno, envious of the fame of his achievements, sent a sea-crab to 
bite and anioy the hero's feet, but the crab being soon dispatched, the goddess, to reward 
its services, placed it Itmong the constellations. 

** The Scorpion's claws here clasp a wide extent, 
And here the Crab's in lesser clasps are bent." 

TELESCOPIC OBJECTS. 

1. d Cakcri — A very delicate doublk star, under the Crab's mouth ; R. A. 8h. 85m. 
Efis. ; Dec. 7. 18* 44' 04'. A 4>i{, straw color; B 15 blue, only seen by glimpses. 

8. e Cavcki — A star with a distant companion, on the Crab's body; R. A. 8h. 81m. 
16b.; Dec. N. SO** 06' 02'. A 63i, and B 7, both pale white ; and a third star in the field 
of nearly vhe same magnitude. 

8. C Cahcbi — A fine triplb star, fust below the after claws of the Crab; R. A. 8h. 08m. 
(tts.; Dec N. IS" 07' 05'. A 6, yeUow; B 7, orange tinge; C 7>6, yellowish. Supposed 
to be a Ternary system. 

4. Aboi't 7* northeasterly from Tegmine, is a nebulous cluster of very minute stars, to 
the crest of Cancer, sufficiently luminous to be seen by the naked eye. It is situated in 
a triangular position with regard to the head of the Twins and the Little Dog. It is about 
20' W. of "^ach. It may otherwise be discovered by means of two conspicuous stars of 
the 4th magnitude, lying one on either side of it, at the distance of about 2*, called the 
norVtem and southern Aaelli. B5 some of the Orientalists, this cluster was denominated 
Protsepe^ .he Manger^ a contrivance which their fancy filled up for the accommodation 
cf the Aselli or Asses; and it is so called by modern astronomers. The appearance of 
this group to the unassisted eye, is not unlike the nucleus of a comet, and it was repeat- 
edly mistaken for t!ie comet of 1S82, which, in the month of November, passed in its 
nelghbor>>ood. Map VIII., Fig. 88. 

6. A P'OH BUT LOOSE CLUSTER in the Crab's southern claw, where a line from Rigel 
through Procyon, into the east-northeast, will find it about 5' north of e in the Hyades ; 
R. A. 8h. 4Stm. 268. ; Dec. N. 12* 28' 06". Stars mostly of the 9th and lOtb magnitudes. 
See Map YUI., Fig. 89. 

Ham)-./.— What other figures for Cancer? Egyptian? Hindoo? Greek? Oriein 0} 
this cor '•dilation? 
Teuuoopic Objects.— DelU? Kisilon? Ze\aP WhatGustersf Point oat on the Mar 
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CHAPTER VI. 

CONSTELLATIONS ON THE MERIDIAN IN APRIL. 

LEO (the lion).— map IV. 

122. Leo is one of the most brilliant constellations in the 
winter hemisphere, and contains an unusual number of yerj 
^»right stars. It is situated next E. of Cancer, and directly S. 
^f Leo Minor and the Great Bear. 

The Hindoo astronomer, Varaha, says, " Certainly the southern solstice was once in 
the middle of Aaleha {Leo) ; the northern in the arst degree of Dfumiahta" (AqtMriutt). 
Biiice that time, the solstitial, as well as the equinoctial points, have gone backward on 
the ecliptic 75°. This divided by SOiC', gives 5878 years ; which carry us back to the 
year of the world 464. Sir \V. Jnnes says, that Varaha lived when the solstices were in 
the first degrees of Cancer and Capricorn ; or about 400 years before the Christian era. 

123. Leo is the ffth sign^ and the djcth constellation of the 
Zodiac. The mean right ascension of this extensive group is 
150°, or 10 hours. Its center is therefore on the meridian the 
sixth of April. Its western outline, however, comes to the 
meridian on the 18th of March, while its eastern limit does not 
reach it before the 3d of May. 

This constellation contains 95 visible stars, of which one is 
of the 1st magnitude, one of the 2d, six of the 3d, and fifteen of 
the 4th. 

** One splendid star of higheMt dignity. 
One of the second class the Lion boasts, 
And justly figures the fierce summer's rage." 

124. The principal star in this constellation is of the 1st mag- 
nitude, situated in the breast of the animal, and named Regulns, 
from the illustrious Roman consul of that name. 

It is situated almost exactly in the ecliptic, and may be 
readily distinguished on account of its superior brilliancy. It is 
the largest and lowest of a group of five or six bright stars 
which form a figure somewhat resembling a sickle, in the neck 
Bind shoulder of the Lion. There is a little star of the 5th mag- 
nitude, about 2° S. of it, and one of the 3d magnitude 5° N. of 
it, which will serve to point it out. 

Great use is made of Regulus by nautical men, for determining *heir longitude at sea. 
Its latiiudey or distance from the ecliptic, is less than H*; but its declination^ or dis* 
tance from the equinoctial^ is nearly 13** N. ; so that its meridian altitude will be JoM 

122. Describe Leo. Its situation? What remarkable statement of Varaha? Oalcnla* 
tbms upon it? 123. Position of Leo in the Zodiac? When on the meridian? Numb«* 
aixi f'lze or its stars? 124. Us principal star? Situation? How distinguished? Wiiu« 
iit o^ade uf liegului? When uu the meriJiao, where are Castor atud Pollux? 
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cqnul to tiiat ot the sun on the 19th of August. Its right ascension is very nearly 150*. 
It therefore culmiaates about 9 o'clock on the 6th of April. 

When Regulus is on the meridian, Castor and Pollux are seen about 40* N. W. of it, 
and the two stars in the Little Dog arc about the same distance in a S. W. direction ; 
with which, and the two former, it makes a large isosceles triangle whose vertex is at 
Regulus. 

125. The next considerable star is 5° N. of Regulus, marked 
Eta, situated in the collar ; it is of between the 3d and 4th 
magnitudes, and with Regulus constitutes the handle of the 
sickle. Those three or four stars of the 3d magnitude, N. and 
W. of Eta, arching round with the neck of the animal, describe 
the blade. 

126. Al Gieba is a bright star of the 2d magnitude, situated 
in the shoulder, 4° in a N. E. direction from Eta, and may be 
easily distinguished by its being the brightest and middle one of 
the three stars lying in a semicircular form curving toward the 
west; and it is the first in the blade of the sickle. 

127. Adhafera is a star of the 3d magnitude, situated in the 
neck, 4° N. of Al Gieba, and may be known by a very minute 
star just below it. This is the second star in the blade of the 
sickle. 

128. Ras al Asad, situated before the ear, is a star of the 3d 
or 4th magnitude, 6° W. of Adhafera, and is the third in the 
blade of the sickle. The next star, EpsUon, of the same magni- 
tude, situated in the head, is 2J° S. W. of Ras al Asad, and a 
little within the curve of the sickle. About midway between 
these, and a little to the E., is a very small star hardly visible 
to the naked eye. 

129. Lambda, situated in the mouth, is a star of the 4th 
magnitude, 3^° S. W. of Epsilon, and the last in the sickle's 
point. Kappa, situated in the nose, is another star of the samo 
magnitude, and about as far from Lambda as Epsilou. Epsilon 
and Kappa are about 4^° apart, and form the longest side of a 
triangle, whose vertex is in Kappa. 

130. Zozma, situated in the back of the Lion, is a star of the 
8d magnitude 18° N. E. of Regulus, and midway between it and 
Coma Berenices, a fine cluster of small stars, 18° N. E. of 
-Zozma. 

131. Theta, situated in the thigh, is another star of the 3d 
magnitude, 6° directly S. of Zozma, and so nearly on the same 
meridian that it culminates but one minute after it. This star 



185. Next principal star — size and position? 126. Al Gieba? How known? 

197. Adhafera? 128. Ras al Asad ? Epsilon? 129. Situation and sice of Lambda T 

Of Kappa V 180. Of Zorma? 181. Of Theta? What triangle? What other stara 
nietitioued? 



BS A&TRONOMY. 

makes a right-angled trianglft with Zozma on the N. and Dene- 
bola on the E., the right angle being at Theta. 

Nearly in a straight line with Zozma and Theta, and south 
of them, are three or four smaller stars, 4° or 5° apart, which 
mark one of the legs. 

132. Denebola is a bright star of the first magnitude, in the 
brush of the tail, 10° S. E. of Zozma, and may be distinguished 
by its great brilliancy. It is 6° W. of the equinoctial colure, 
and comes to the meridian 1 hour and 41 minutes after Regulus, 
on the 3d of May ; when its meridian altitude is the same as 
the sun's at 12 o'clock the next day. 

When Denebola is on the meridian, Regulus/is seen 26* W. of It, and Phad, in tiio 
sqxxare of Ursa Major, bears 89* N. of it. It forms, with these two, a large ri|^t-«iigled 
triangle; the right angle being at Denebola. It is so nearly on the same meridian with 
Pbad that it culminates only fonr minutes before it. 

Denebola is 85}i' W. of Arcturus, and about the same distance N. W. of Spica Tir- 
ginis, and forms, with them, a large equilateral triangle on the S. E. It also forms with 
Arcturus and Cor Caroli a similar figure, nearly as large on the N. E. These two 
triangles, being joined at their base, constitute a perfect geometrical figure of the form 
of a Rhombus, called by some, the Diamond of Yiroo. 

A line drawn from Denebola through Regulus, and continued 7* or 8* farther In the 
same direction, will point out Xi and Omioron, of the 8d and 4th magnitudes, situated 
In the foreclaws, and about 8* apart. 

There are a number of other stars of the 8d and 4th magnt««n»xi la this constellation, 
which require no description, as the scholar will easily trace them out fk'om the map. 
The position of Regulus and Denebola are often referred to in the geography of tlio 
heavens, as they serve to point out other clusters in the same neighborhood. 

HISTORY. 

According to Greek fable, this Lion represents the formidable animal which Infested 
tnt- forests of Nemsea. It was slain by Hercules, and placed by Jupiter among the stars 
in commemoration of the dreadful conflict. Some writers have applied the story of the 
twelve labors of Hercules to the progress of the sun through the twelve signs of tho 
ecliptic ; and as the combat of that celebrated hero with the Lion was his first labor, 
they have placed Leo as the Jlrgt sign. The figure of the Lion was, however, on the 
Egyptian charts long before the invention of the fables of Hercules. It would seem, 
moreover, according to the fable itself, that Hercules, who represented the sun, actually 
slew the Nerasean Lion, because Leo was already a zodiacal sign. 

In hierogtyphical writing the Lion was an emblem uf violence and fury; and tho 
representation of this animal in the Zodiac, signified the intense heat occasioned by the 
sun when it entered that part of the ecliptic. The Egyptians were much annoyed bj 
lions during the heat of summer, as they at that season left the desert, and haunted the 
banks ot the Nile, which had then reached its greatest elevation, ix was therefore 
natural for their astronomers to place the Lion where we find him in the Zodiac. 

The figure of Leo, very much as we now have it, is in all the Indian and Egjrptlao 
Zodiacs. The overflowing of the Nile, which was regularly and anxiously expected every 
year by the Egyptians, took place when the sun was in this sigih They therefore paid 
more attention to it, it is to be presumed, than to any other. This was the principal 
reason, Mr. Green supposes, why Leo stands first in the zodiacs of Dendera. 

In the Hebrew Zodiac, Leo is assigned to Judah, on whose standard, according to ri. 
traditions, a Lion is painted. This is clearly intimated in numerous passages of tlac 
Hebrew writings : Ex. — '' Judah is a Lion's whelp ; he stooped down, he couched at a 

182. Size and position of Denebola? How known? When does it come to the merl 
dian as compared with Regulus? What said of its meridian altitude? When on the 
meridian where is Regpilus seen? Phad? What triangle? How is Denebolo situate''. 
with respect to Arcturus and Spica Virginis ? To Cor Caroli ? What other large figures 

UisToar. — Greek fable? Egyptian? Hebrew Zodiacs? Scripture alioaioai to tiM 
X'ont 
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UoSf ftad as an Old Lion ; who ihall rouse him up ?" Gen. scUz. 9. ** The Lion of U'« 
fraw of Judah hath prevailed." Rev. ▼. 5. 

TELESCOPIC OBJECTS 

1. a hwem {Regviwi) — A bnght star with a distant companion ; R. A. 9h. G9m. Ms. 
D»c. N. 18* 44' 08*. A 1, flushed white ; B $H« pale purple. 

2. 3 L»)H» (D&n^toUi) — ^A fine star with a distant companion; R. A. llh. 40m. 64a.j 
IKiC. N. 16* 28' v. A 2H, bluish ; B 8, dull red. 

8. y LxoNis {Al Gieba) — ^A splendid doublk star; R. A. lOh. 11m. OSs. ; Dec. N. 20* 
89' . A 2, bright orange; B 4, greenish yellow. A most beautiful object— blnar>'- 
pcriod supposed about 1000 years. Map VIIL, Fig. 6. 

4. 6 LsoMis {Zozmdy — A coarse triplk star; R. A. llh. 05m. 85s.; l)ec. N. 21* 24' 1*. 
A 8, pale yellow ; B 18, blue; C 9, violet. 

5. e Lioiiis — A star with a distant companion in the mouth of Leo ; R. A. 9h. dOm. 4ds ; 
Dec. N. 24' 80' 6". A 8, yellow ; B 10, pale grey. 

6. I LcoNU — A BiMAET STAB in the flank, V S. W. of Denebola (F on map;; R. A. llh. 
15m. 858. ; Dec. N. 11* 24' 8*. It forms a neat scalene triangle with /3 and t^. A 4, pale 
yellow ; B 7H « light blue ; a beautiful object. 

7. fi Lbomis {liaa Al A%ad)—lL duublk star; R. A. 9h. 48m. 89s. ; Dec. N. 26* 46' 5*. 
K 8, orange ; B 10, pale lilac. 

8. A neat doublb star near Zosma ; R. A. llh. 05m. 17s. ; Dec. 21* 00' 8*. Components 
both 73i, and both faint yellow; a beautiful otuect. 

9. A BRIGHT nbbula near the hind paws ; R. A. lOh. 57m. 87s. ; Dec. N. 0* 49' 6'. Larg'^i, 
elongated, well-defined — an enormous mass of luminous matter— one of a vast nnmbef 
of spherical nebul» in the vicinity. 

10. A bicentral whitb nbbula in the lower jaw, 2* south of A Leonis ; R. A. 9h. 23m. 
07s. ; Dec. N. 22* 1 2' 1*. May be classed as double — small stars in field ; difficult object 
See Map VUI., Fig. 40. 

11. A lucid WHrrs kbbula on the Lion's ribs, about 9* due east of Regulus; R. A. lOh. 
d5m. 81s. ; Dec. N. 12* 81' 9*. Round and bright, with two small stars in field. Another 
large pale white nebula, about 1* east of it. 

12. A PAIR OF BRIGHT CLASS KEBUUB in the Lion's belly ; R. A. lOh. 89m. 498. ; Dec. N. 
18* 28'. Found south of line joining Regulus and "& Leonis, about 10* east of, and 
nearly on a parcJlcl with the latter. 

18. A LAEOB, KLONGATRn H8BDLA, with a bright nucleus on the Lion's haunch; R. A. 
lUa. Vim. 48a. ; Dec. N. 18* 52' 4' ; just 8* southeast of i^, with another smaller nebula, 
and several sU/s in the field. Map VIIL, Fig. 41. 

LEO MINOR (the littu; lion).— MAP IV. 

133. Leo Minor contains 63 stars, including only one of tho 
3d magnitude, and five of the 4th. The principal star is situated 
in the body of the animal, 13° N. of Gamma Leonis, in a straight 
line with Phad, and may be known by a group of smaller stars, 
a little above it on the N. W. 

It forms an equilateral triangle with Gamma and Delta Leonis, the vertex being in 
fieo Minor. This star Is marked with the letter 2, in modern catalogues, and being the 

Srincipal representative of the constellation, is itself sometimes called the Little Lion : 
* E. af this star (the Little Lion) are two stars of the 4th magnitude, in the last paw 
uf Ursa Major, and about 10* N. W. of it are tiro other stars of Uie 8d magnitude, in the 
ftmt hind paw. 

" The Smaller Lion now succeeds ; a cohort 
Of fifty stars attend his steps ; 
And three, to sight unarm'd, invisibi v* 



Tblbsoopio Objbcts.— Alpha? Beta? Gamma? Point out on the map. DdUl 
^iGilon? Iota? Mu? Whatnebulss? Which shown on the map? Point oaC 
18dL Peicribe Leo Minor? Its principal sUr ? Helps form what trlani^ ? 
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134 This constellation was formed by Hevelius, out ol tb« 
Stella informes, or unformed stars of the ancients, which lay 
scattered between the Zodiacal constellation Leo on the S., and 
Ursa Major on the N. Its mean right ascension is the same 
with that of Regulus, and it comes to the meridian at the same 
time on the 6th of April. 

The modern constellations, or those which have been added to our celestial maps 
B^nce the adoption of the Greek notation, in 1608, are referred to by the let>'ers of the 
English alphabet instead of the Greek. This is the case in regard to Leo Miuor, and all 
otlier constellations whose origin is subsequent to that period. 

TELESCOPIC OBJECTS. 

A BRIGHT ovAi. HKBULA between Lynx and Cancer, but given to Leo Minor ; R. A. 8h. 
#2ni. 448. ; Dec. N. 84" 00' 6'. Direct telescope 16* north by east of Presepe in Cancer 



SEXTANS (TUB sextant).— MAP IV. 

135. Sextans contains 41 very small stars, including only one 
as large as the 4th magnitude. This is situated very near the 
equinoctial, 13° S. of Ilegulus, and comes to the meridian about 
the same time on the 6th of April. The other stars in this con- 
stellation are too small to engage attention. A few of the 
largest of them may be traced out from the map. 

The Srxtamt, called also Uramia^s Skxtamt, is a modem constellation that Hercliaa 
made out of the unformed stars of the ancients, which lay scattered between the Lion 
9n the N., and Uydra on the S. 

Urania was one of the muses, and daughter of Jupiter and Mnemosyne. She pre- 
lided over astronomy. She was represented as a young virgin, dressed in an avure* 
colored robe, crowned with stars, holding a robe in her hands, and having many mache* 
matical instruments about her. 

A sextant, in mathematics, is the sixth part of a circle, or an arc comprehending 60 
degrees. But the term is more particularly used to denote an astronomical instrument 
well known to mariners. Its use is the same as that of the quadrant: namely, to mea- 
sure the angular distance, and take the altitude of the sun, moon, planets, and fixed 
stars. It is indispensable to the mariner in finding the latitude and longitude at sea, 
and should be in the hands of every surveyor and practical engineer. It may serve the 
purpose of a theodolite, in measuring inaccessible heights and distances. It may gra- 
tify the young pupil to know, that by means of such an instrument, well adjusted, and 
with a clear eye and a steady hand, he could readily tell, within a few hundred yards 
how far north or south of the equator he was, and that from any quarter of the world, 
known or unknown. This constellation is so called, on account of a supposed reseu- 
blance to this instrument. 

TELESCOPIC OBJECTa 

1. A DOUBLK STAR on the right fore leg of Leo, though crimped into the sextant; R. A 
9h. 45m. 45s. ; Dec. N. 5" 41' 8'. It lies about one-third of the way from Regulof to 
Alphard. A 7, and B. 9, both blue, and well-defined. 



184. Origin of Leo Minor? Mean R. A.? What remark respecting the notation of 
ihe stars ? 

Tklescopic Objects. — What nebula? Situation? How find? 

135. Describe Sextans ? Situation of its principal star? What said of the remainder f 
What said of the age of this constellation? Of Urania? Of the Sextant as a DaatiMi 
Instrumont ? 

Tblbscopio OBJECTS.-»What double stars? What nebula? What ■v.nftrkabie tifjtf 
seen near this Q«bttlaf 
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2. A neat xh>ublb star nn the nnrtTi extreme of the grradaat^'d limb of the instrumer.t; 
ind three-fifths of the distance .>etwe«n Alp!iard and Denebola ; R. A. lOh. 85io. 029. ; 
Dec. N. 5° 85' 2'. A 7, topaz yellow; U 8, smalt blue ; a fine oliject. 

8. A bright elass round nebula on the frame of the instrument ; R. A. lOh. O&m. 588.; 
Dvc. N. 4" 15' 1*. A good telescope shows another large but faint nebula near b/. 

Titis object is on or near the spot where the Capuchin, De Rheita, fancied he saw thn 
naplitn of St. Veronica, in 17S3. Captain Smyth has a picture of this wonderf^ napkin ; 
and Sir J. Herschel remarks that *' many strange things wer^ seen among the staxn 
oeforo the ua* r/ powerful telescopes became common." 



HYDRA AND THE OUR— MAP IV. 

136. Hydra, {the Water- Serjpentj) is an extensive constella- 
tion, winding from E. to W. in a serpentine direction, over a 
space of more than 100 degrees in length. It lies south ol 
Cancer, Leo and Virgo, and reaches almost from Canis Minor 
to Libra. It contains sixty stars, including one of the 2d mag- 
nitude, three of the 3d, and twelve of the 4th. 

137. Alphard or Cor Hydrat, in the heart, is a lone star of 
the 2d magnitude, 23° S. S. W. of Regulus, and comes to the 
meridian at the same time with Lambda, in the point of the 
sickle, about 20 minutes before 9 o'clock on the 1st of April. 
There is no other considerable star near it, for which it can be 
mistaken. An imaginary line drawn from Gamma Leonis 
throuafh Regulus, will point out Cor Hydrae, at the distance 
of 23°. 

138. The head of Hydra may be distinguished by means of 
four stars of the 4th magnitude, 2^° and 4° apart, situated ()" 
S. of Acubens, and forming a rhomboidal figure. The three 
upper stars in this cluster form a small arch, and may be known 
by two very small stars just below the middle one, making with 
it a very small triangle. The three western stars in the head 
also make a beautiful little triangle. The eastern star in this 
^oup, marked Zeta, is about 6° directly S. of Acubens, and 
enlminates at the same time. 

139. When Alphard is on the meridian, Alkes, of the 4th mag- 
nitude, situated in the bottom of the Cup, may be seen 24° S. E. 
of it, and is distinguished by its forming an equilateral triangle 
with Beta and Gamma, stars of the same magnitude, 6° S. and 
E. of it. Alkes is common both to Hydra and the Cup. Beta, 
on the S., is in Hydra, and Gamma, on the N. E., is near the 
middle of the Cup. A line drawn from Zozma, through Theta 



IJW. Describe Hydra? Its situation ? Number and magnitude of its stars T 137. Po 
aitif n and magnitude of Alphard ? Ilow pointed out? 18S. How ia the head of Hydra 
rtiatinffoiBhedf 189. What said of Alkes? Of Beta and Gamma? Uom* to Rota 
fbvndt 
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lieuuis, nnd continued 38^° directly S. will reach Beta ; it in 
therefore on the same meridian, and will culminate at the saiiio 
time on the 23d of April. 

140. The Cup itself (called also the Crater), may be easily 
distinguished by means of six stars of the 4th magnitude, form- 
ing a beautiful crescent, or semicircle , opening to the W. The 
center of this group is about 15"* below the equinoctial, and 
directly S. of the hinder feet of Leo. The crescent form of the 
stars in the Cup is so striking and well defined, when the moon 
is absent, that no other description is necessary to point them 
out. Its center comes to the meridian about two hours after 
Alphard, on the same evening ; and consequently, it culminates 
at 9 o'clock, one month after Alphard does. The remainder of 
the stars in this constellation may be easily traced by aid of 
the map. 

141. When the head of Hydra is on the meridian, its other 
extremity is many degrees below the horizon, so that its whole 
length cannot be traceit out in the heavens until its center, oi 
the Cup, is on the meridian. 



-" Near the equator rolls 



The sparkling Hydra, proudly eminent 
To drink the GaUtxy^s refulg jut sea ; 
Nearly a fourth of the encirci ug curve 
Which girds the ecliptic, his > ast folds involve; 
Yet ten the number of his stars diffused 
O'er the long track of his enormous spires ; 
C/u^beams his heart, sure of the second rank, 
But emulous to gain the first." — Evdottia, 

HISTORY. 

ine astrologers of the east, in dividing the celestial hosts Into various compartmenta, 
assigned a popular and allegorical meaning to each. Thus the sigu Leo^ which passer 
the meridian about midnight, when the suxi is in Pisces, was called the H<m»e <^ ihh 
Lians^ Leo being the domicil of Sol. 

The introduction of two serpents into the constellations of the ancients, had Um origin 
it is supposed, in the circumstances that the polar one represented the oblique course of 
the stars, while the Hydra, or Great 8o«ke, in the southern hemisphere, symboliied the 
moon's course ; hence the Nodes are called the DragorCe head and tail to thin day. 

The hydra was a terrible monster, which, according to mythologists, infested thi 
neighborhood of the lake Lerna, in the Peloponnesus. It had a hundred heads, accord- 
ing to Diodorous; fifty, according to Simonides; and nine, according to the more oom 
monly received opinion of Apolloidorus, Hyginus, and others. As soou as one of thMf 
heads was cut off, two immediately grew up if the wound was not stopped by fire 

" Art thou proportioned to the hydra's length. 
Who by his wounds received augmented strength? 
He raised a hundred hissing heads in air. 
When one 1 lopp'd, up sprang a dreadful pair." 

To destroy this dreadful monster, was one of the labors of Hercules, and this he easily 
'effected with the assistance of lulaus, who applied a burning iron to the wounds «• 
soon as one head was cut off. While Hercules was destroying the hydra, Juno, jealous of 
lis glory, sent a sea-crab to bite his foot. This new enemy was soon despatched; nal 

14a Uow is the Cup distinguished ? Is it easily found ? 141. What id said of thf 
•Atvnt of Hydra east and west? History of Hydr^*'* 
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Jano was unable to succeed In her attempts to lessen tbe fame of Hercules. The con* 
queror dipped his arrows in the gall of the Hydra, which eyer after rendered the wounds 
biflicted with them incurable and mortal. 

This fable of the many-headed hydra may be understood to mean nothing more than 
that the marshes of Lerna were infested with a multitude of serpents, which seemed to 
multiply as fast as they were destroyed. 

TELESCOPIO OBJECTS. 

1. a €teATBRi8 — A star with two very distant companions in the base of the cup ; H. A 
lOh. 52m. 00s ; Dec. S. 17° 26' 9'. A. 4, orange tint ; B 8, intense blood color ; 9, pole 
line. 

2. y Ckirris— A close doublk star, in the center of the cup ; R. A. llh. 16m. 64s. ; 
Dec. S. 16* 48' 8"; A 4, bright white; B 14, grey j with a star of the 11th magnltsd« lol* 
lowing, on a line with A. B. 25' distant. 

8. 6 Gratkris — ^A star with a very distant companion, on the cup, midway between 
Alphard and Spica, but a little south of the line joining them; R. A. llh. 11m. 21s.; 
Dec. S. 18" 54' 8*. A 83$, pale orange ; B 11, pale blue — other small stars in the field. 

4. a Htdrjb (Cor Hydray-^K bright star in the heart of Hydra with a distant com- 
panion ; R. A. In. 19m. 448. ; Dec. S. 7* 5S' 1'. A 2, orange tint; B 10, pale green. 

5. 6 HTDRiB — ^A star with a distant companion in the head of Hydra; R. A. 8h. 29m. 
14s. ; Dec. N. 6* 15' 5'. A 4, light topaz; B 9, livid— several other stars in the field. 

6. e fiTDRS— A double star in the head ; R. A. 8h. 88m. 18s. ; Dec. N. V 00' 8". A 4, 
pale yellow ; B 83$, purple. 

7. A PLAHKTART KBBULA in the middle of the body; R. A. lOh. 17m. Ols.; Dec 8. 17* 
60' 0"; greyish white. 



CHAPTER YII. 

CONSTELLATIONS ON THE MERIDIAN IN HAY. 

URSA MAJOR (the great bear).— MAPS IV. AND VI. 

142. Ursa Major is situated between Ursa Minor on the north, 
and Leo Minor on the soath. It is one of the most noted and 
conspicuous in the northern hemisphere. It has been an object 
of oniyersal observation in all ages of the world. 

The priests of Belus and the ICagi of Persia, the shepherds of Ghaldea, and the Phoe> 
nieian navigators, seem to have been equally strucic with its peculiar outUnes. And it 
Is somewhat remarIciU>le, that a remote nation of American Aborigines, the Iroquois, 
and the earliest Arabs of Asia, should have given to the very same constellation the 
name of ** Great Bear,** when there had probably never been any communication 
between them ; and when the name itself is so perfectly arbitrary, there being no resem- 
blance whatever to a bear, or to any other animaL 

143. It is readily distinguished from all others oy means of i» 
remarkable cluster of seven bright stars, forming what is fami- 
liarly termed the Dipper, or Ladle, In some parts of England 
it is called " Charles' Wain," or wagon, from its fancied resem- 

Trlbboopio Onsctb.— Alpha? Gamma? Delta? Alpha Hydras? Delta Hydra? 
Bto HyJra) ? Whs t Nebula ? 

i42. Describe Ursa Mi^or ? What remarkable fact as to its name? 148. Worn, dli* 
tlpgiilshcd? What other names for the Dipper? What reraarlc in small type? 
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*ilance to a wagon drawn by three horses in a line. Others call 
iu the Plough. The cluster, however, is more frequently pat foi 
the whole constellation, and called simply the Qreat Bear. 

We see no reason to reject the very appropriate appellation of ths sliepherda, for the 
resemblance is certainly in favor of the Dipper ; the four stars in the square forming tho 
botrl, and the other three the handle. 

144. When the Dipper is on the meridian, above the pole, tho 
bottom Hes toward us, with the handle on the right. 

Benetnasch is a bright star of the 2d magnitude, and is the 
first in the handle. The second, or middle star in the handle is 
Mizar, 7° distant from Benetnasch. It may be known by means 
of a very minute star almost touching it, called Alcor. 

145. The third star in the handle is called Alioth, and is about 
4^° W. of Mizar. Alioth is very nearly opposite Shedir in Cas- 
siopeia, and at an equal distance from the pole. Benetnasch, 
Mizar, and Alioth constitute the handle, while the next four in 
the square form the bowl of the Dipper. 

146. Five and a half degrees W. of Alioth is the first star in 
the top of the Dipper, at the junction of the handle, called 
Megrez ; it is the smallest and middle one of the cluster, and is 
used in various observations both on sea and land for important 
purposes. 

When Megrez and Caph hare the same altitude, and are seen in the same horisontai 
line east and west, the polar star is then at its greatest elongation from the true pole of 
tlie heavens ; and this is tiie proper time for an observer to take its angle of elevation, 
in order to determine the laiUude, and its azimuth or angle of declination, in order to 
determine the magnetic variation. 

147. At the distance of 4^° S. W. of Megrez is Phad, the 
first star in that part of the bottom which is next the handle. 

The stars in this cluster are so well known, and may be so easily described without 
reference to their relative bearings, that they would rather confuse than assist the 
•itudent, were they given with ever so much accuracy. The several bearings for Uiil 
cluster were taken when Megrez was on the meridian, and will not ai^rty at any other 
time, though their respective distances will remain the same. 

148. At the distance of 8° W. ©f Phad, is the westernmost 
star in the bottom of the Dipper called Merak. The bright star 
6° N. of it, toward the pole, is called Dubke, These two, are, 
by common consent, called the Pointers^ because they always 
point toward the pole; for, let the line which joins them be con- 
tinued in the same direction 28f ° further, it will just reach the 
north pole. 

The names, positions, and relative distances of the stars in this cluster should be weU 

144. How is the handle of the Dipper situated, when the Dipper is above the pole f 
Describe Benetnasch? Mizar? How known? 145. Alioth? Megrez? Bemarfe 
respecting? Phad? Remark (u small print? 148. Merak and Dubhe? Oonstitote 
what? Remark respecting the names, positions and distances of the stum In UriM 
Major ? Why should these distances be well underslbod ? 
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remembered, as they wHl be frequently adverted to. The distance of Dnbhe, or the 
Pointer nearest to the noi'th pole, is 281^*. The distance between the two upper stars ic 
the Dipper is 10"; betweei the two lower ones is 8"; the distance from the brim to the 
bottom next the handle, is 4H*; between Megres and Alioth, is 5}ii*; between Alioth 
and Misar, 43^^*; and between Mizar and Benetnasch, 7°. 

The reason why it is important to hare these distances dearly settled in the mind is, 
that these stars, being always in view, and more familiar than any other, the student 
will never fail to have a standard measure before him, which the eye can easily mak« 
ase of in determining the distances between other stars. 

149. The position of Megrez in Ursa Major, and of Caph in 
Cassiopeia, is somewhat remarkable. They are both in the equi- 
noctial colore, almost exactly opposite each other, and equally 
distant from the pole. Caph is in the colure, which passes 
through the vernal equinox, and Megrez is in that which passes 
through the autumnal equinox. The latter passes the meridian 
at 9 o'clock, on the 10th of May, and the former just six months 
afterward, at the same hour, on the 10th of November. 

150. Psi, in the left leg of Ursa Major, is a star of the 4th 
magnitude, in a line with Megrez and Phad, distant from the 
latter 12^°. A little out of the same line, 3° farther, is another 
star of the 4th magnitude, marked EpsUon, which may be dis- 
tinguished from Psi, from its forming a straight line with the two 
Poivters. 

151. The right fore-paw, and the two hinder ones, each about 
15° from the other, are severally distinguished by two stars of 
the 4 th magnitude, between 1° and 2° apart. These three 
duplicate stars are nearly in a right line, 20° S. of, and in a 
direction nearly parallel with Phad and Dubhe, and are the only 
gtars in this constellation that ever set in this latitude. 

There are a few other stars of equal brightness with those just described, but amidst 
the more ^»lendid and interesting group with which they are clustered, they seldom 
engage our observation. 

The whole number of visible stars in this constellation is 87 ; of which live are <tf the 
2d, two of the 8d, and about twice as many of the 4th magnitude. 

mSTORT. 

Uma BfAJOR is said to be Calisto, or Helice, daughter of Lyeaon, king of Arcadia. Sho 
was an attendant of Diana, and mother of Areas, by Jupiter, who placed her among the 
oonstellaiions, after the jealousy of Juno had changed her into a bear. 

** This said, her hand within her hair she wound. 
Swung her to earth, and dragg'd her on the ground; 
The prostrate wretch lifts up her hand in prayer ; 
Her arms grow shaggy, and deform'd with hair, 
Her nails are sharpened into pointed claws. 
Her hands bear half her weight, and turn to paws ; 
Uer lips, that once could tempt a god, begin 
To grow distorted in an ugly grin ; 



149. What said of Megres and Caph? 150. Of Psi and Epsilonr 151. How QoJ 
\tytfMA of the figure t Number of stars in Ursa Major? Magnitudes? 

atnoKt4 — Who was Ursa M«s|or before she became a bear? What other snppMrftioa 
How are the two bears repre.tenced by the U^gyptians? What further remarks)' 

B.G. 4 
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And left the supplicating brute might reach 
The ears of Jove, she was deprived of speech. 

• 4> 4> 4> 4> 4> * • 

How did she fear to lodge in woods alone, 

And haunt the fields and meadows, once her own I 

Row often would the deep-mouth'd dogs pursue, 

Whilst from her hounds the frighted hunters fiew/'—OifiePt 

ktomc suppose that her son Areas, otherwise called Bootes, was changed into Crv^ 
Minor, or the Little Bear. It is well known, that the ancients represented both the«« 
constellations under the figure of a wagon drawn by & team of horses ; hence the appel* 
liition of Charles' Wain^ or wagon. This is alluded to in the Phenomena of Aratus, a 
Greek poem, Arom which St. Paul quotes in his address to the Athenians :— 

•* The one call'd Helix, soon as day retires, 
Observed with ease lights up his radiant fires. 
The other, smaller, and with feebler beams, 
In a less circle drives its la&y teams ; 
But more adapted for the sailor's guide. 
Whene'er, by night, he tempts the briny tide." 

In the Egyptian planispheres of remote antiquity, these two constellations are repre> 
tented by the figures of bears, instead of wagons; and the 6reeks,who derived mostof tbsL 
astronomical symbols from the Egyptians, though they usually altered them to emblems 
of their own history or superstition, have, nevertheless, retained the original form of 
the two bears. It is said by Aratus, that the Phoenician navigators made use of Ursa 
Minor in directing their voyages : — 



>f 



" Ob9erving this, Phoenicians plough the main : 

while the Greeks confined their observations to Ursa Major. 

Some imagine that the ancient Egyptians arranged the stars near the North Pole. 
within the outlines of a bear, because the polar regions are the haunts of this animal, 
and also because it makes neither extensive journeys nor rapid marches. 

At what period men began to sail by the stars, or who were the first people that did 
BO, is not clear ; but the honor is usually given to the Phoenicians. That it was prac- 
ticed by the Greeks, as early as the time of the Trojan war, that is, about 1200 year* 
9, jO., we learn from Homer ; for he says of Ulysses, when sailing on his raft, ttiat 

** Placed at the helm he sate, and mark'd the skies, 
Nor closed in sleep his ever watchftxl eyes." 

It is rational to suppose that the stars were first used as a guide to trayellers by land, 
for we can scarcely imagine that men would venture themselves upon the sea by night, 
before they had first learned some safe and sure method of directing their coarse by 
land. And we find, according to Diodorus Siculus, that travellers in the sandy plains of 
Arabia were accustomed to direct their coarse by the £eara. 

That people travelled in these vast deserts at night by observing the stars, is directly 
proved by this passage of the Koran : — " God has given you the stars, to be guided in 
the dark, both by land and by sea.** 

TELESCX)PIG OBJECTS. 

1. a Ubsa Majokis (DubAe^ ons of the poifUer8)-~A fine star with a distant ocmM- 
Bion ; R. A. lOh. 58m. 48s. ; Dec. N. 62" 86' 8'. A 1 3^}, yeUow ; B 8, yeUow. 

2. B Ursa Majobis {Meraky—A. bright star with a distant companion ; R. A. lOh. 68ai. 
96'; Dec. N. 57" 14' 2'. A 2, greenish while ; B 11, pale grey— H>ther stars in field. 

8. y Ursa Majoris {Phad)—A. star with a distant companion ; R. A. llh. 46m. 23s. ; 
Dec. N. 54* 85' 1'. A 2, topas yellow ; B 9, ashy paleness, with a fine group of stars is 
the field. 

4. d Ursa Majoris (Megree) — ^A fine star, suspected of rariability, with a distant com- 
'panion; R. A. 12h. 07m. 2Ss.; Dec. N. 57* 55' 8'. A 8, pale yellow; B9,ash coloroo, 

nith other stars in field. 

5. C Ursa BIajoris (i/Zsar.) — ^A splendid doable star in the middle of the tail ; R. A. 
ISh. 17m. 2£b. ; Dec. N. 55* 45' 8'. A 8, brilliant white ; B 5, pale emerald. Aloor am 
other stars hi the field. Map YIU. Fig. 7. 

• ' THjfloono Objkots.— Alpha? BeU? Gammat Delta? Zeta? Eta? Iota? 
Wfatnebnla? VHxioh shown on the map? 
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ft. 17 Ubsa Hajoris (Benetna^ohy—A soublx star in tbe tip of th« tail ; ft. A. lll|.4tiiu 
bte. ; Dec. N. 60* 06' 5\ A 2 )i, brilliant white; Bj, dusky. 

7. I Ubsa Majoris (Al Kaphrak) — A doublb star in the right fo *e paw ; R. A. 8h. 48m. 
14fl. ; Dec. N. 48° 89' 9'. A 8)$, topaz yellow ; B 18, purple. Sir J. Ilerschei supposed A 
might be a satellite, shining only by reflection. 

8. V Ursa Majoris — A delicate docblb star in the left hind foot, just above ^ or 
El Acola ; R. A. llh. 09m. 49s. ; Dec. N. 80* 58' 0'. A 4, orange tint ; B 12, cornelian blue ; 
a close but elegant okgect. 

9. A beautiful planbtart nkbula, just south of /? ; R. A. lOh. 28m. 458. ; Dec. N. M* 
itO' 4'. A small, well defined object, bluish white, and brightens towards the center. 

10. A bright rbbula in the right fore leg ; R. A. 9h. 10m. 548.; Dec. N. 51* 40' 5'. Of a 
pale creamy whiteness, with several bright stars in the northern part of the field* 
Nebula large, elliptical and nucleated. 

11. A bright-class rouho hkbula above the Bear's ear ; R. A. 9h. 84m. 828. ; Dee. N. 78* 

01' 2". Several stars in field, of 9th to 1 2th magnitude. 

13. A riNB OVAL NBBUiJk in the ear ; R. A. 9h. 42m. lOs. ; Dec. N. 69* 51' 8*. 

18. A LARQB MiLK-WHrrs KBBULA on the body, about 1* south of fi or Merak ; R. A. llh. 
03m. 02s. ; Dec. N. 56* 81' 8'. 

14. A LARGB PLANBTART NBBULA on the fisuk, With Several stars in the field, one of 
which is pretty close ; R. A. llh. 05m. 248. ; Dec. N. 55* 52' 9'* About 2* to the 8. E. of 
B^ and just south of a line from {3 toy; a singular otject, circular, uniform, and seem- 
tngly of th^ sise of Jupiter. W. Ilerschel assigned this object to the 980th order of dis- 
tance. Ifap VUI., Fig. 42. 

15. A BRiOBT-CLASS HBBI7LA in a poor field, behind the left hind leg, one-third the di»> 
tance from 6 towards Denebola; R. A. llh. 58m. 51s.; Dec. N. 48* 57' 8'. Of a lucid 
white, various and elongated. Map VIII., Fig. 48. 

16. A LARGB WHITB NEBULA near the haunches ; R. A. 12h. 11m. 048. ; Dec. N. 48* 11' 1'. * 
A noble-sized oval, with a bright nucleus, the lateral edges better defined than the ends. 
Focmd by ninning a diagonal line across the square, from a through >, and about 7H* 
beyond, into the S. E. 



COMA BERENICES (beeenioe's hair).— MAP IV. 

152. This is a beautiful cluster of small stars, situated about 
5** E. of the equinoctial colure, and midway between Cor Carol! 
on the northeast, and Denebola on the southwest. If a straight 
line be drawn from Benetnasch through Cor Caroli, and pro- 
duced to Denebola, it will pass through it. 

153. The principal stars are of between the 4th and 5th mag- ' 
nitudes. According to Plamsted, there are thirteen of the 4th 
magnitude, and according to others there are seven ; but the * 
student will find agreeably to his map, that there is apparently 
but one star in this group, entitled to that rank, and this 18 
situated about 1** S. E. of the main cluster. 

Although it is not easy to mistake this group for any other in the same region of thi 
skies, yet the stars which compose it are all so small as to be rarely distinguished in ^e 
full presence of the moon. The confused lustre of this assemblage of smiUl stars Mna* 
vrhat resembles that of the Milky Way. 

159 Describe Coma Berenices ? How find it f 158. Its princivai stars, their uvabtk 
ftr.. r What remark in fine print f 
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154. The whole namber of stars in this constellation is 43 ; 
its mean right ascension is 185°. It consequently is on th« 
meridian the 13th of May. 



-"Now behold 



The glittering mase of Berenice's Hair; 
Forty the stars ; but such as seem to kiaa 
The jtotoing treeaee with a lambent fire, 
Four to the telescope alone are seen." 

HISTORY. 

Berenfr« was of royal descent, and a lady of great beauty, who married Ptolemy Soter, 
or EvergeJes, one o/ toe kings of Egypt, her own brother, whom she loved with much 
tenderness. When he was going on a danjir^i'ous expedition against the Assyrians, she 
vowed to dedicate her hair to the goddess of beauty, if he returned in safety. Some 
time after tee victorious return of her husband, Evergetes, the locks, which, agreeably 
to her oath, she had deposited in the temple of Venus, disappeared. The king expressed 
great regret at the loss of what he so much prized ; whereupon Conon, his astronomer, 
publicly reported that Jupiter had taken away the qaeen's locks from the temple and 
placed them among the stars. 

" There Bereniee's locks first rose so bright, 
The heavens bespangling with dishevelled ligh^** 

Conon being sent for by the king, pointed out this constellation, saying, ** There behold 
the locks of the queen." This group being among the unformed stars until that time, 
and not known as «i constellation, the king was satisfied with the declaration of the 
astronomer, and the queen became reconciled to the partiality of the gods. 

Gallimachus, a historian and po^t, who flourished long before the Christian era, baf 
these lines as translated by Tytler : — 

"Immortal Conon, blest with skill divine, 
Amid the sacred skies behold me shine : 
E'en me, the beauteous hair^ that lately shed 
Refulgent beams frcm Bereni-oe^s head ; 
The lock she fondly vowed with lifted arms. 
Imploring all the powers to save from barms 
Her dearer lord, when from his bride ho flew, 
To wreak stern vengeance on the Assyrian crew.** 

TELESCOPIC OBJECTS. 

1. A TRIPLE STAR, between the tresses and Virgoes northern wing; R. A. 12h. 45m. Sta. , 
Dec. N. 22' 07' 0'. A 5, pale yellow; B, indistinct; C 10, cobalt blue. About 7* 8outh« 
east of a Berenices, and 20" west of Arcturus. 

2. A GLOBULAR CLDBTBR, betwccD the tresses and the Yirgin^s left hand, with a coarse 
pair and one single star in the field ; R. A. lib. 05m. 03s. ; Dec. N. 19* 01' 8'. A brilliant 
mass of minute stars from the 11th to the 15th May ; compressed at center. A line 

through S and e Yirginis, northward, meeting another from Arcturus over V Bootes, falls 
apon this magnificent object. 

8. A C0NSPICU0T7B MKBDLA between the tresses and the virgin^s left arm ; R. A. 19h. 
48m. 528. ; Dec. N. 22* 83' 2*. A magnificent object, both in size and brightness, witk 
several small stars in the field. Elongated, compressed in the centre, and waa likened 
ky Sir Charles Blagdon to a " black ej/e." Map VIII., Fig. 41. 



CORVUS (the crow).— -map IY. 

155. This small constellation is sitnated on the eastern part 
of Hydra, 15° E of the Cnp, and is on the same meridian with 

154. What number of stars? 

HiSTORT.— Who was Berenice? Story of the loss of her hair, ftc.? 

TKLKbOOPio Objbcts. — ^What triple stars? Cluster ? Nebula? Point oat on the lfa|fe 

155. Where is Corrus situated? Namber of visible stars? 
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Coma Berenices, but as far S. of the equiaoi^tial as Coma Bere- 
nices is N. of it. It therefore culminates at the same time, on 
the 12th of May. It contains nine visible stars, including three 
of the 3d magnitude, and two of the 4th. 

156. This constellation is readily distinguished by means of 
three stars of the 3d magnitude and one of the 4th, forming a 
trapezium or irregular square, the two upper ones being about 
3^° apart, and the two lower ones 6° apart. 

15t. The brightest of the two upper stars, on the left, is 
called Algorabf and is situated in the E. wing of the Crow ; it 
has nearly the same declination S. that the Dog Star has, and 
is on the meridian about the 13th of May. It is 21^° E. of 
Alkes in the Cup, 14^° S. W. of Spica Virginis, a brilliant star 
of the 1st magnitude, to be described in the next chapter. 

158. Beta^ on the back of Hydra, and in the foot of the Crow, 
is a star of the 3d magnitude, nearly 1° S. of Algorab. It is 
the brightest of the two lower stars, and on the left. The right- 
hand lower one is a star of the 4th magnitude, situated in the 
neck, marked Epsilon, about 6° W. of Beta, and may be known 
by a star of the same magnitude situated 2" below it, in the eye, 
and called Al Chiha. Epsilon is 21|° S. of the vernal equinox, 
and if a meridian should be drawn from the pole through 
Megrez, and produced to Epsilon Corvi, it would mark the equi- 
noctial colure. 

159. Gamma, in the W. wing, is a star of the 3d magnitude, 
3^° W. of Algorab, and is the upper right-hand on** in the 
square. It is but 1** E. of the equinoctial colure. 

10° E. of Beta is a star of the 3d magnitude, in the tail of 
Hydra, marked Gamma ; these two, with Algorab, form nearly 
a right-angled triangle, the right angle being at Beta. 

HISTORY. 

The Crow, it is said, was once of the purest white, but was changed for tale^bearin^ U 
Its present color. A fit punishment for such a fault. 

** The raven once in snowy plumes was drest. 
White as the whitest dove's unsullied breast. 
Fair as the guardian of the capitol. 
Soft a5 the Swan ; a large and lovelj fowl ; 
His tongue, his prating tongue, had changed him quibc. 
To sooty blackness from the purest white." 

According to Greek fable the Crow was made a constellation by Apollo. This goi 
being jealous of Coronis (whom he tenderly loved), the daughter of Pblegyas and 



16ft. How is it found ? 157. What said of Algorab ? 158. Of Beta 7 Epsilon f 
AI Chibaf What said of the Pole, Megrez, and Epsilon? 159. Of Gamma r What 
triangle f 

UuTOBT.— Story of the original color of Cionms ? Greek fable of ike origin ot tbr 
icasteUaiion f What other ascouu \ * 



80 ASTRONOMY. 

mother of JBeculapiua, sent a crow to watch her behavior; the bird pereetred her cri- 
minal partiality for Ischys the Thessalian, and immediately acquainted Apollo with bei 
conduct, which so fired his indignation that he lodged an arrow in her breast, and killed 
i ar instantly. 

** The god was wroth ; the color left his look, 

The wreath his head, the harp his hand forsook: 

The silver bow and feathered shafts he took. 

And lodged an arrow in the tender breast. 

That had so often to his own been prest." 

To reward the crow, he placed her among the constellations. 

Others say that this constellation takes its name from the daofhter of CormisBii% 
King of Phocis, who was transformed into a crow by Minerva, to rescae the maid firon 
the pursuit of Neptune. The following, from an eminent Latin poet of the Augustan 
age, is her own account of the metamorphosis as translated into English Terse by Mr. 
Addison : — 

** For as my arms I lifted to the skies, 
I saw black feathers from my fingers rise ; 
I strove to fling my garment on the ground ; 
My garment turned to plumes, and girt me round; 
My hands to beat my naked bosom try; 
Nor naked bosom now, nor hands had I * 
Lightly I trippM, nor weary as before 
Sunk in the sand, but skimm*d along the shore ; 
Till, rising on my wings, I was preferred 
To be the chaste Minerva's virgin bird." 

TELESCOPIC OBJECTS. 

1. ti CoBvi — A fine bright star nearly midway between two distant companions. A SHt 
ruddy yellow ; B 7, greenish yellow ; C 8, dull grey. /3 is actually the lucida, or brl^test 
•tar of the constellation. 

2. J COBVi— A oouBLB STAR In the right wing; R. A. 12h. 21m. SSs.; Dec. 8. 15* 81' 04* 
A 8, pale yellow; B 8)iS, purple. 



VIRGO (the virgin).— map IV. 

IbO. This is the sixth sign, and seventh constellation in the 
ecliptic. It is situated next east of Leo, and about midwaj 
between Coma Berenices on the N. and Corvus on the S. It 
occupies a considerable space in the heavens, and contains, 
according to Flainsted, one hundred and ten stars, including one 
of the 1st, six of the 3d, and ten of the 4th magnitudes. Its 
mean declination is 5° N., and its mean right ascension is 195°. 
Its center is therefore on the meridian about the 23d of May. 

The sun enters the sign Virgo, on the 28d of August, but does not enter the oaruMk^ 
Hon before the 15th of September. When the sun is in this sign, the earth is in Places; 
and vice versa, 

161. Alpha^ or Spica VirgimSf in the ear of corn which the 
virgin holds in her left hand, is the most brilliant star in this 
constellation, and situated nearly 15° E. N. E. of Algorab in 
the Crow, about 35° S. E. of Denebola, and nearly as far S. S. 

Tblxsoopio Objbgts.— Beta ? Delta ? 

100. Order and position of Virgo? Extent ?• Number of stars T Magnitudes? Moa» 
Icclination of Virgu ? JKemark in fine print ? 161. What said of Alpha, or Splca VIr 
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W. of Arcturus — three very brilliant st^rs of fcimilar maguitude 
rhat form a large equilateral triangle, pointing to the S. Arc- 
turus and Denebola are also the base of a similar triangle on 
the north, terminating in Cor Caroli, which, joined to the former, 
constitutes the Diamond of Virgo. 

162. The length of this figure, from Cor Caroli, on the north, 
to Spica Virginis on the south, is 60°. Its breadth, or shorter 
diameter, extending from Arcturus on the east to Denebola on 
the west, is 36^°. Spica may otherwise be known by its soli- 
tary splendor, there being no visible star near it except one of 
the 4 th magnitude, situated about 1° below it, on the left. 

The position of Chis star in the heavens, has been determined with nreat exactness for 
the benefit of navigators. It is one of the stars from which the moon^s distance is taken 
for iotermining the longitude at sea. Its situation is highly favorab'e for this purpose, 
is it lies within the moon's path, and little more than 2* below the ear ^h's orbit. 

Its right ascension being 199", it will come to our meridian at 9 o'clock about the 38tli 
if M«gr, in that point of the heavens where the sun is at noon about the SOth of October. 

1 63. Bda, called also Zavijava^ is a star of the 3d magni* 
tude, in the shoulder of the wing, tj° W. of Eta, with which 
and Gamma it forms a line near the Earth's orbit, and parallel 
to it. Beta, Eta, Gamma and Spica, form the lower and longer 
side of a large spherical triangle whose vertex is in Beta. 

164. Vindemiatrix, is a star of the 3d magnitude, in the right 
arm, or northern wing of Virgo, and is situated nearly in a 
straight line with, and midway between Coma Berenices and 
Spica Virginis. It is 19^° S. W. of Arcturus, and about 
the same distance S. E. of Coma Berenices, and forms with these 
two % large triangle, pointing to the south. It bears also 18° 
S. S. E. of Denebola, and comes to the meridian about 23 
minutes before Spica Virginis. 

165. Ze/a, is a star of the 3d magnitude, 11^** N. of Spica, 
and very near the equinoctial. Gammas situated near the left 
side, is also a star of the 3d magnitude, and very near the equi- 
noctial. It is 13° due west of Zeta, with which and Spica it 
forms a handsome triangle. Etaj is a star of the 3d magnitude 
-jn the southern wing, 6° W. of Gamma, and but 2^° E. of the 
autumnal equinox. 

The other stars in this figure may be easily traced by means of the map. About 18* B. 
of Spica, there are two stars of the 4th magnitude, 8* apart, which mark the foot of Virgo. 
These two stars are on nearly the same meridian with Arcturus, and culminate nearly 
at the same time. The lower one, marked Lambda^ is on the south, and but 8* W. of 
fcb s principal star in Libra. Several other stars of the 8d magnitude lie scattered about 
in this constellation, and may be traced out by the map. 

ginis? Diamond? 162. Length of Virgo? Breadth? How may Spica be known? 
Note in fine print? 168. Describe Beta? What triangle? 164. V.ndematrizf 

\6ti. Zeta, Gamma and Eta ? What other stars and how found ? 
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** Her lovely tresses glow with starry lif^t; 
Stars ornament the bracelet on her hand; 
Her vest in ample fold, glitters with stars : 
Beneath her snowy feet they shine ; her eyes 
Lighten, all glorious, with the heavenly rays, 
hutjlrgt the star which crowns the golden shejifl'* 

HISTORY. 

Accoidingto the ancient poets^ this constellation represents the Virgin Astnsa, »bir 
goddess of Justice, who lived upon the earth during the golden age; but being offejdeA 
at the wickedness and impiecy of mankind during the brasen and iron ages of the world, 
she returned to heaven, and was placed among the constellations of the sodiac, with a 
pair of scales (Libra) in one hand and a sword in the other. 

Hesiod, who flourished nearly a thousand years before the birth of our Saviour, and 
later writers, mention four ages of the world ; the golden, the silver, the brazen, and the 
iron age. In the beginning of things, say they, all men were happy, and all men were 
good; the earth brought forth her fruits without the labor of man; and cares, and 
wants, wars and diseases, were unknown. But this happy state of things did not last 
long. To the golden age, the silver age succeeded ; to the silver the brasen ; and to the 
brazen, the iron. Perpetual spring no longer reigned ; men continually quarreled with 
each other ; crime succeeded to crime ; aud blasphemy and murder stained the history 
of every day. In the golden age, the gods did not disdain to mix familiarly with the 
sons of men. The innocence, the integrity and brotherly love which they found amoi^ 
as, were a pleasing spectacle even to superior natures ; but as mankind degenerated, 
one god after another deserted their late beloved haunts; Astraea lingered the last; bat 
finding the earth steeped in human gore, she herself fiew away to the celestial regions. 

** Victa jacet pietas; et virgo csede madentes 
Ultima coelestum terras Astraea rellquit." 

Met. Lib. i. v. 149. 

** Faith fle^, and piety in exile mourns ; 
And Justice here oppressed, to heaven returns.*' 

Some, however, maintain, that Erigone was changed into the constellation Yirgo. The 
Icath of her '.ather Icarus, an Athenian, who perished by the hands of some peasants, 
whom he had intoxicated with wine, caused a fit of despair, in which Erigone hung her- 
self; and si e was afterward, as it is said, placed among the signs of the zodiac. She 
was directed by her faithful dog Msera to the place where her father was slain. The 
first bough on which she hung herself breaking, she sought a stronger, in order to efEect 
her purpose. 

" Thus once in Marathon*s impervious wood, 
Erigone beside her father stood. 
When hastening to discharge her pious vows. 
She loos'd the knot, and cull'd the strongest boughs." 

Lewis' Statius, B. xi. 

The famous zodiac of Dendera, as we ha\e already noticed, commences with the sigf 
Leo ; but another zodiac, discovered among the ruins at Esne, in Egypt, commences with 
Virgo ; and from this circumstance, some have argued, that the regular precession of 
the equinoxes established a date to this at least 2000 years older than that at Dendera. 
The discoveries of ChampoUion, however, render it probable that this ancient relic of 
astrology at Esne was erected during the reign of the Emperor Claudius, and conse- 
quently did not precede the one at Dendera more than fourteen years. 

Of this, however, we may be certain : the autumnal equinox now' corresponds with 
the first degree of Virgo; and, consequently, if we find a zodiac in which the summer 
solstice was placed where the autumnal equinox now is, that zodiac carries us back 90* 
en the ecliptic; this divided by the annual precision 50}^' must fix the date at about 
6450 years ago. This computation, according to the chronology of the Sacred writings, 
carries us back to the earliest ages of the human species on earth, and proves, at least, 
that astronomy was among the first studies of mankind. The most rationai way of 
accounting for this zodiac, says Jaraieson, is to ascribe it to the family of Noah; or per- 
haps to the patriarch himself, who constructed it for the benefit of those who should livs 
after the deluge, and who preserved it as a monument to perpetuate the actual state of 
the heavens immediately subsequent to the creation. 



nmoBT. — Account of the poets? Hesiod'sacount? What other supposition 7 Wlui 
■odiacs mentioned, and what calculations. Ac. ? 
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TELESCOPIC OBJECTS. 

I. a TntGOfis (SpUia)—A splendid star with a minute companion ; R. A. 18h. 16in. 47a 
iMc. 8. 10* 19' 5'. A 1, brilliant flushed white; B 10, bluish tinge. 

8. P ViKGiNis {Zarijan)—A bright star with a small companion ; R. A. llh. 42m. 22a. 
Dec. N. 2' 40' 0'. A 8Jfi, pale yellow ; B 11, light blue. 

8. y ViRGiMis— A fine binary star in the Virgin's right side ; R. A. 12h. 83m. 88s. ; Dec, 
B. 0* 84' 8". A 4, silvery white ; B 4, pale yellow. A Binary System with a period of 
about 157 years. Map. VIII. Fig. 8. 

4. 6 ViRGiNis— A star with a distant companion, on the left side, about 17* north-nonb* 
west of Spica, and nearly midway between y and £ Virginia ; R. A. 12h. 47m. 88s. ; Dec 
N. 4° 16' 1*. A 8)^, golden yellow ; B 103^, reddish ; several small stars in the field. 

5. e ViRGiKis ( Vend^muitrtoi) — A star with a minute distant companion, on the upper 
extremity of the Virgin's left wing ; R. A. 12h. 64m. 18s. ; Dec. 11' 49' 08". A 8Ji, brighl 
yellow ; B 15, intense blue. 'Ibis last color on so small an object is very striking. 

6. A TRIPLE STAR In the lower part of the southern wing, 7" northwest of Spica ; R. A. 
\8h. 01m. 40s. ; Dec. S. 4° 41' 0'. A 4}$, pale white ; B 9, violet ; 10, dusky. 

7. A LARGE, BUT RATHER PALE KBBiTLA, between Virgo's left wing and Leo's tail ; R. A. 
I2h. 06n:. 01s. ; Dec. N. 16° 47' 02'. About 6J<i' from p Leonis, towards Arcturus, on the 
outskirts of a vast region of Nebula in the Virgin's wing. It is elongated in the direction 
of two telescopic stars. 

8. A LONG PALB-WHiTB NEBULA, among telescopic stars, on the upper part of the Vir- 
gin's left wing ; R. A. 12h. 07m. 878. ; Dec. N. 14° 02' 08'. Situated one-third of the way 
from Q Leonis to e Virginis, on the border of the vast nebulous region in Virgo. A 
curious oLtJect in the shape of a weaver's shuttle. 

9. A LUCID WHITE ELUPTiGAL NEBULA, between the Virgin's right elbow and the Crow : 
R. A. 12h. 81m. 408. ; Dec. S. 10* 43' 07'. Map VIII., Fig. 45. 

10. A DOUBLE NEBULA In the center of Virgo's left wing; R. A. 12h. 85m. 88s. ; Dec. N. 
12* 26' or. It is 6° west of Vendemiatrix, toward Regulus, in a wonderful nebulous 
region. Map VIII., Fig. 46, shows it on the right, with two other nebulse, and several 
stars in the figure. 

II. A PALE ELLIPTICAL NEBULA, in the middle of the left wing; R. A. 12h. 44m. 60s. 
Dec. N. 12° 06' 09'. It looks like a paper JcUey under an arch formed by three telescopic 
stars. Map. VIII., Fig. 47. 

12. A woNDFRTUL NEBULOUS REGION, about 2^" from north to south, and 8* from east to 
west, is found on the left wing. It includes several of tlie oliijecta described. For a 
Drawing of this remarkable field, see Map VIII., Fig. 48. 



CANES VENATICI (the OBEYnouNDs).— MAP IV. 

166. This modern constellation, embracing two in one, wag 
made by Hevelius out of the unformed stars of the ancients 
which were scattered between Bootes on the east, and Ursa 
Major on the west, and between the handle of the Dipper on the 
north, and Coma Berenices on the south. 

These Hounds are represented on the celestial sphere as being in pursuit of the Greai 
Bear, which Bootes is hunthig round the pole of heaven, while he holds in his hand the 
leash by which they are fastened together. The northern one is called AitetHon^ and 
the southern one, CJuira, 



Telescopic Objects.— Alpha? Beta? Gamma? Delta? Epsilon? What triple star! 
Nebula? Point out on the map. 

166. Situation of Canes Venatici ? By whom formed ? How represented 7 N%roes of 
*Jie bounds ? 

4* 
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167. The stars in this group are considerably scattered, ana 
are principally of the 6th and 6th magnitudes ; of the twenty- 
five stars which it contains, there is but one sufficiently large to 
engage our attention. Cor Caroli or Charles^ Hearty so named 
by Sir Charles Scarborough, in memory of King Charles the 
First, is a star of the 3d magnitude, in the neck of Chara, the 
southern Hound. 

When on the merilian, Cor Carol! is 17 3^^* directlj S. of Alioth, the third star in the 
handle of the Dipper, and is so nearly on the same meridian that it culminates only on« 
minute and a half after it. This occurs on the 20th of May. 

A line drawn from Cor Caroli through Alioth will lead to the N. polar star. This star 
may also be readily distinguished by its being in a straight line with, and midway between 
Benetnasch, the first star in the handle of the Dipper, and Coma Berenices ; and also by 
the fact that when Cor Caroli is on the meridian, Denebola bears 28* S. W. and Arctunu 
86* S. E. of it, forming with these two stars a very large triangle, whose vertex is at the 
north ; it is also at the northern extremity of the large Diamond already described. 

The remaining stars in this constellation are too small and too much scattered to excite 
our interest. 

TELESCOPIO OBJECTS. 

1 A DOUBLB STAR near Chara*s mouth ; R. A. 12h. 08m. 09s. ; Dec. N. 41* 88' 01'. A A, 
yellow; B 9, blue. It is about 9° south of Cor Caroli, and one-third of the distance 
between that star and J Leonis. Map VIII., Fig. 10. 

2. A MAGNiFiOKHT CLUSTER, between the southern Hound and the knee of Bootes; R. A. 
18h. 84m. 45s. A splendid group, supposed to contain not less than 1,000 stars. Map 
Vm., Pig. 49. 

8. A PAIR OF LUCID WHITR NKBUL^ near the ear of the northern Hound ; R. A. 18h. 28m. 
06s. ; Dec. N. 48' 01' 07'. 

4. A LAROB BRIGHT NBBULA, 2^* north by west of Cor Caroli ; R. A. 12h. 48m. 228. ; Deo. 
N. 41* 59' 07'. A fino pale-white olyect, compressed toward the center, and with seToral 
small stars in the field. 



CHAPTER VIIL 

CONSTELLATIONS ON THE MERIDIAN IN JUNK 

BOOTES (the BEAR driver).— MAP IV. 

168. The Brar-Driver is represented by the figure of a hants- 
man in a running posture, grasping a club in his right hand, and 
holding up in his left the leash of his two greyhounds, Asterioo 
and Chara, with which he seems to be pursuing the Great Bear 
round the pole of the heavens. He is thence called Arcto- 
phylax, or the *' Bear-Driver." 

(67. Describe the stars In this group? Cor Caroli? 

Tklkscopio Objects. — ^What double star ? Show on the map t Clusters f fMnt oat qv 
(he map ? Nebulas f 
1(18. Describe Bootes? Why called the Bear-Drirttr ? 
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169. This constellation is situated between Corona Borealis 
on the east, aud Cor Caroli, or the Greyhounds, on the west 
It contains fifty-four stars, including one of the 1st magnitude, 
seven of the 3d, and ten of the 4th. Its mean declination is 20" 
v., and its mean right ascension is 212° ; its center is there- 
fore on the meridian the 9th of June. It may be easily distin- 
guished by the position and splendor of its principle star, Arc" 
turusy which shines with a reddish luster, very much resembling 
that of the planet Mars. 

170. Arcturus is a star of the 1st magnitude, situated near 
the left knee, 26° S. E. of Cor Caroli and Coma Berenices, with 
which it forms an elongated triangle, whose vertex is at Arc 
turns. It is 35^° E. of Denebola, and nearly as far N. of Spica 
Virginis, and forms with these two, as has already been observed, 
a large equilateral triangle. It also makes, with Cor Caroli and 
Denebola, a large triangle whose vertex is in Cor Carolu 

A great rarietj of geometrical figures may be formed of the stars in this bright region 
of the skies. For examine : Cor Caroli on the N., and Spica Virginis on the S., constitute 
the extreme points of a very large figure in the shape of a diamond ; while Deneboia on 
the W. and Arcturus on the E., Umit the mean diameter at the other points. 

171. Arcturus is supposed by some to be nearer the Earth 
than any other star in the northern hemisphere. 

Fire or six degrees S. W. of Arcturus are three stars of the 8d and 4th magnitudes, 
Ijring in a curved line, about 8° apart, and a little below the left knee of Bootes ; and 
about 7* £. of Arcturus are three or four other stars of similar magnitude, situated in 
the other leg, making a larger curve N. and S. 

172. MiraCj in the girdle, is a star of the 3d magnitude, 10° 
N. N. B. of Arcturus, and about 11^° W. of Alphaoca, a star in 
the Northern Crown. SeginuSj in the west shoulder, is a star 
of the 3d magnitude, nearly 20° E. of Cor Caroli, and about the 
same distance N. of Arcturus, and forms with these two, a right- 
angled triangle, the right angle being at Seginus. The same 
star forms a right-angled triangle with Cor Caroli and Alioth, 
in Ursa Major, the right angle being at Cor Caroli. 

173. Alkatv/ropSj situated in the top of the club, is a star of 
the 4th magnitude, about 10^° in an easterly direction from 
Seginus, which lies in the left shoulder ; and about 4^° S. of 
Alkaturops is another star of the 4th magnitude, in the club, 
near the east shoulder, marked Delia, Delta is about 9^ dis- 
tant from Mirac, and 7^° from Alphacca, and forms, with these 
two, a regular triangle. 

1G9. How situated? How many stars, and their magnitude? Declination? Howdia* 
tinguished? 170. Describe Arcturus, and its position ? What triangles? What dia 
iiond? 171. Supposed nearness of Arcturus? 172. Describe Mirac and Seginoi 
Vhat triangles? 178. Situation and magnitude of Alkaturops? Of Delta? 
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174. Nekkar is a star of the 3d maguitude, situated iu thb 
head, and is about 6° N. E. of Seginus, and 5 ' W. of Alkatu- 
rops ; it forms, with Delta and Seginus, nearly a right angled 
triangle, the right angle being at Nekar. 

These are the principal stars in this constellation, except the three stars of the 4th 
magnitude situated in the right hand. These stars may be known by two of them bein^ 
close together, and about 5° beyond Benetnasch, the first star in the handle of the Di^j- 
|)er. About 6* £. of Benetnasch is another star of the 4th magnitude, situated in the 
arm which forms, with Benetnasch and the three in the hand, an equilateral triangle. 

1T5. The three stars in the left hand of Bootes, the first iu 
the handle of the Dipper, Cor Caroli, Coma Berenices, and 
Denebola, are all situated nearly in the same right line, rmmlDg 
from northeast to southwest. 

" Bootes follows with redundant light; 
Fifty 'four stars he boasts ; one guards the Bear, 
Thence callM ArctuniSy of resplendent front, 
The pride of the^r«^ order: eight are veil'd, 
Invisible to the unaided eye." 

Manilius thus speaks of this constellation : — 

" And next Bootes comes, whose ordered beams 
Present a figure driving of his teams. 
Below his girdle, near his knees, he bears 
The bright ArcturuSf fairest of the stars.** 

176. Arcturusis mentioned by name in that beautiful passage 
in Job, already referred to, where the Almighty answers *'ont 
of the whirlwind," and says : — 

" Canst thou the sky's benevolence restrain, 
And cause the Pleiades to shine in vain? 
Or, when Orion sparkles from his sphere. 
Thaw the cold seasons and unbind the year? 
Bid Mazzarota his wonted station know. 
And teach the bngnt Arctunut where to glow?** 

Young*8 iVsrajpAroM. 

fflSTORY. 

The ancient Greeks called this constellation Lycaon — a name derived from AviCO(, 
which signifies a tcolf. The Hebrews called it Caleb ^n^ocA, the '* Barking Dog;" 
while the Latins, among other names, called it Cania. If we go back to the time when 
Taurus opened the year, and when Virgo was the fifth of the Eodiacal signs, we shall 
fiiid that brilliant star Arcturus, so remarkable for its red and fiery appearance, corres- 
ponding with a period of the year as remarkable for its heat. Pythagoras, who intro- 
duced the true system of the universe into Greece, received it from (Enuphis, a priest of 
On, in E^pt. And this college of the priesthood was the noblest of the east, in cultirat- 
ing the studies of philosophy and astronomy. Among the high honors which Pharaok 
conferred on Joseph, he very wisely gave him in marriage ** a daughter of the priest of 
On." The supposed era of the book of Job, in which Aroturua is repeatedly mentioned, 
is 1M8 B. C. 

Bootes is supposed by some to be Icarus, the father of Erigone, who was kiUed bj 
■hcpherds for intoxicating them. Others maintain that it is Erichthoolus, the inventor 
of chariots. According to Grecian fable, as well as later authorities, Bootes was the eon 
of Jupiter and Calisto, and named Areas. Ovid relates, that Juno, being incensed at 
Jupiter for his partiality to Calisto, changed her into a bear, and that her son Areas, who 
became a famous hunter, one day roused a bear in the chase, and not knowing that it 



174. Of Nekkar ? Any other stars f 175. What said of three stars in the band uC 
Bootes? 176. What star in Bootes mentioned in the Scriptures ? Poetic quotation f 
UiSTUBT.— Greek name of this constellation ? Hebrew ? 'Irecian fable t Owid^ 
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ff-as his mother, was about to kill her, when Jupiter snatched them b3th np to heavoQ 
and placed then among the constellations. Met. b. ii. y. 496-G08. 

" )Sut now her son had fifteen summers told, 
Fierce at the chase, and in the forest bold ; 
When as he beat the woods in quest of prey. 
He chanced to rouse his mother where she lay. 
She knew her son, and kept him in her sight, 
And fondly gased : the boy was in a fright, . 
And aim'd a pointed arrow at her breast ; 
And would have slain his mother in the beast : 
But Jove forbade, and snatchM them through the air 
In whirlwinds up to heaven, and fix'd 'em there ; 
Where the new constellations nightly rise. 
And add a luster to the northern skies." 

GarWa TrcmdaUomm 
LuGAV, in his PharBoUa^ says— 

" That Brutus, on the busy times intent. 
To virtuous Cato's humble dwelling went, 
'Twas when the solemn dead of night came on, 
When bright Calisto^ with her shining sorij 
Now half that circle round the pole had run.*' 

This constellation is called £ooteSy says Cicero {I^at. Deo. Lib. ii. 42), from a Oreih 
word signifying a wagoner, or ploughman ; and sometimes Arctophylax from two Orcvk 
words signifying bear-keeper or bear-driver. 

** Arctophylax, rulgo qui dicitur esse Bootes, 
Quod quasi temone adjunctum praa se quatit Arctum.** 

The stars in this region of the skies seem to have attracted the admiration of mimost 
fill the eminent writers of antiquity. Glaudian observes, that 

** Bootes with his wain the north unfolds ; 
The southern gate Orion holds." 

And Aratus, who flourished nearly 800 years before Claudian, says, 

** Behind, and seeming to urge on the Bear, 
Arctophylax, on earth Bootes named, 
BheJs o'er the Arctic car his silver light.*' 

This is the poet whom St. Paul refers to when he tells the Athenians, Acts xvil. 28, that 
•»8ome of their own poets have said, 'Tov yap Kai ycvo? efffiev :* For we are also 
his oflTspring.** These words are the beginning of the 5th line of the '* Phenomena " of 
Aratns, a celebrated Greek poem written in the reign of Ptolemy Philadelphus, two 
thousand one hundred years ago, and afterward translated into Latin verse by Cicero. 
Aratus was a poet of St. Paul's own country. The apostle borrows again from the same 
poet, both in his Epistle to the Galatians, and to Titus. The subject of the poem was 
grand and interesting: hence we find it referred to in the writings of St. Clement, St 
Jerome, St. Chrysostom, GEScumenius, and others. As this poem describes the nature and 
motions of the stars, and the origin of the constellations, and is, moreover, one of the 
oldest compositions extant upon this interesting subject, the author has taken some 
oains to procure a Polyglot copy from Germany^ together with the Asironomicon of 
Manilius, and some other works of similar antiquity, that nothing should be wanting on 
his part which could impart an interest to the study of the constellations, or illustrate 
the firequent allusions to them which we meet with in the Scriptures. 

Dr. Doddridge says of the above quotation, that " these words are well known to be 
found in Aratus, a poet of Paul's own country, who lived almost 800 years before the 
apostle's time ; and that the same words, with the alteration of only one letter, are to 
be found in the Hymn of Cleanthes^ to Jupiter, the Supreme God; which is, beyond 
comparison, the purest and finest piece of natural religion^ of its length, which I kno^ 
fn the whole wor'd of Pagan antiquity ; and which, so far as I can recollect, contains 
nothing unworthy of a Christian, or, I had almost said, of an inspired pen. The apostle 
might perhaps refer to Cleanthes^ as well as to his countryman Aratus.*' 

Many of the elements and fables of heathen mythology are so blended with the 

account f Looftn and Cicero? Claudian? Aratus? Who was Aratus? What remark 
able quotation * Remark of Doddridge ? What other passage cited by St. Paul ? Froa 
o'homf 
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inspired writings, that they must needs be studied, more oi less, In Order to liave a mofil 
proper understanding of numerous passages both in the Old and New Testament. 

The great apostle of the Gentiles, in uttering his insphred sentiments, and in penning 
bis epistles, often refers to and sometimes quotes verbatim flrom the iistinguished writers 
who preceded him. 

Thus, in 1 Cor. xv. 88, we have " Mj? irXavoide ' * ^Oeipovoiv rjOri XPV^^ o/iiXia. 
KaKaiJ* Be not deceived; evil communications corrupt good manners;** which is a 
iteral quotation by the apostle from the Thais of Menander, an inventor of Greek 
eomedy, and a celebrated Athenian poet, who flourished nearly 400 years before the 
apostle wrote his epistle to the Corinthians. Thus Paul adopts the sentiment of the 
;omedian, and it becomes hallowed by ** the divinity that stirred within him." Tertul- 
;ian remarks, that " in quoting this, the apostle hath sanctified the poet's sentiment.** 

TELESCOPIC OBJECTS, 

1. a BooTis {Arctvrua) — A double stah ; R. A. 14h. 08m. 22s. ; Dec. N. 20* 00' i^. A 1, 
ieddish yellow ; B 11, lilac. 

2. 3 BooTis (Nekkar) — A star with a distant companion in the head of the figure ; B. A* 
14h. 06m. 658. ; Dec. N. 41° 01' 6". A 8, golden yellow : B 11, pale grey. 

8. 6 BooTis — A star with a distant companion in the left shoulder ; R. A . 15h. 09m. OSs^ 
Dec. N. 88" 64' 9". A SH, pale yellow ; B 8)i, Ught blue. 

4. € BooTis {3firac)—A doublb stab in the left hip ; R. A. 14h. 88m. OOs. ; Dec. N. 27* 
45' 1*. A 8, pale orange ; B 7, sea green. A lovely object — colors distinct, and strongly 
contrasted. 

6. C BooTis— A close double star on the left leg ; R. A. 14h. 88m. Sis. ; Dec. N. 14* 25' 
r. A 8 ^ , bright white ; B 4)$ , bluish white. 

6. v BooTis {Mufride) — A star with a distant companion on the right leg ; R. A. 18h. 
17m. 04s. ; Dec. N. 19° 12' 0'. About 53i° west by south of Arcturus. A 8, pale yellow ; 
B 10 )i, lilac. 

7. i BooTis — A DKLiCATB TBiPLB STAR In the right hand (Map TI.) ; R. A. 14h. 10m. 80t.; 
Dec. N. 52* 06' 4'. A and B 4>$, pale yellow ; C S, creamy white. 

8. I BooTis— A BINARY STAR on the left knee ; R. A. 14h. 44m. OOt. ; Dec. N. 19* 46' 1' 
A 8)^, orange ; B 6Ht purple. Supposed period 400 years. 

9. A RICH GROUP of stars in the vicinity of Arcturus, and surrounding that star. May 
be seen with small telescopes. Map VIII., Fig. 60. 

10. A PALB WHITE NEBULA In a ncbulous field, 6* north northeast of Alkaid ; R. A. 
i3h. 67m. 81s. ; Dec. N. 56* 08' 8'. About 6* southeast of Miaar. A difficult object 
except with a good instrument. 

11. A WHITB ROUND NEBULA near the right shoulder ; R. A. 14h. 11m. 448. ; Deo. N. ST* 
14' 4*. Pale, except at the center— telescopic stars in the field. 

NOOTA (THB OWL).— MAP IV. 

177. This small asterismis situated between the feet of Virgo, 
on the north, and the tail of Hydra, on the south. It has bat few 
stars, and those only of the 5th and 6th magnitudes. It is oft^ 
omitted altogether from the constellations. 

OENTAURUS (the oentaub).--MAP IV. AND VU. 

178. This fabulous monster is represented by the figure of a 
man, terminating in the body of a horse, holding a wolf at Arm'e 

Tblbscopto Objects.— Alpha? Bet&> Delta? Epsilon? Zeta? Btaf lotef JOf 
What rich group f Point out on the mnp. What nebulee ? 
177. Desorf>e Nocta, its situation, stars, Ac. 
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length in one hand, while he transfixes its body with a spear in 
the other. 

Although this constellation occupies a large space in ihe 
sonthem hemisphere, yet it is so low down that the main part 
of it cannot be seen in our latitude. It is situated south of 
Spica Yirginis, with a mean declination of 60°. It contains 
thirty-five stars, including two of the 1st magnitude, one of the 
2d, and six of the 3d ; ihe brightest of which are not visible in 
Ibo United States. 

179. Theta is a star of between the 2d and 3d magnitude, in 
the east shoulder, and may be seen from this latitude, during the 
month of June, being about 27° S. by E. from Spica Virginis, 
and 12° or 13° above the southern horizon. It is easily recog- 
nized in a clear evening, from the circumstance that there is no 
other star of similar brightness in the same region^ for which it 
can be mistaken. It is so nearly on the same meridian with 
Arctnrus that it culminates but ten minutes before it. 

loia is a star of between the 4th and 5th magnitude, fn the west shoulder, 9^* W. of 
Theta. It is about 26* ahnost directly south of Spica Virginis, and is on the meridian 
nearly at the same time. 

Jliu and Ifu are stars of the 4th magnitude, in the breast, very near together, and form 
a regular triangle with the two stars in the shoulders. 

A few degrees north of the two stars in the shoulders, are four small stars in the head. 
The relative position of the stars in the head and shoulders is very similar to that of the 
stars in the head and shoulders of Orion. 

HISTORY. 

Centaurs, in mythology, were a kind of fabulous monsters, half men and half horses, 
rhis fable is, hiwever, differently interpreted; some suppose the Centaurs to have been 
a body of shepherds and herdsmen, rich in cattle, who inhabited the mountains of Arca- 
dia, and to whom is attributed the invention of pastoral poetry. But Plutarch and Pliny 
are of opinion that such monsters have really existed. Others say, that under the reign 
of Ixion, king of Thessaly, a herd of bulls ran mad, and ravaged the whole country, 
rendering the mountains inaccessible ; and that some young men, who had found the art 
3f taming and mounting horses, undertook to expel these noxious animals, which they 
pursued on horseback, and thence obtained the appellation of Centaurs. 

This success rendering them insolent, they insulted the Lapithe, a people of Thessaly ; 
and because, when attacked, they fled with great rapidity, it was supposed that they 
were half horses and half men ; men on horses being at that period a very uncommon 
light, and the two appearing, especially at a distance, to constitute but one animal. So 
the Danish cavalry at first seemed to the astonished Mexicans, who imagined the horse 
»nd his rider, like the Centaurs of the ancients, to be some monstrous animal of a ter- 
rible form. 

The Centaurs, in reality, were a tribe of Lapithie, who resided near Mount Pelion, and 
Srst invented the art of breaking horses, as intimated by Virgil. 

" The LapithsB to chariots add the state 
Of bits and bridles ; taught the steed to bound 
To turn the ring, and trace the mazy ground ; 
To stop, to fly, the rules of war to know ; 
To obey the rider, and to dare the foe.*' 

Gentanrus Is so low down in the south that it would be of no service to describe Its tele 
scopic objects. 



178. How is Oentaurvs represented f Its situation ? Number of stars, l». ? 179. Theta 
Iota, Mu, Nu, Ac? 
Distort. — What was Centaurus? Diffe *ent opinions f 
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LUPUS (THE woLF).--MAPS V. AND VII. 

180. This constellation is situated next east of the Centaur, 
and south of Libra ; and is so low down in the southern hemi* 
sphere, that only a few stars in the group are visible to us. It 
contains twenty-four stars, including three of the 3d magnitude, 
and as many of the 4th ; the brightest of which, when on the 
meridian, may be seen in a clear evening, just above the southern 
horizon. Their particular situation, however, will be better 
traced out by reference to the map than by written directions. 

The most favorable time for observing this constellation ift 
toward the latter end of June. 

HISTORY. 

This constellation, according to fable, fs Lycaon, king of Arcadia, who Uved about 90N 
years ago, and was changed into a wolf by Jupiter, because he oiTered haman victim* on 
llie altars of the god Pan. Some attribute this metamorphosis to another cause. The 
Bins of mankind, as they relate, had become so enormous, that Jupiter visited the eartb 
to punish its wickedness and impiety. He came to Arcadia, where he was announced M 
a god, and the people began to pay proper adoration to his divinity. Lycaon, however, 
who used to sacrifice all strangers to his wanton cruelty, laughed at the pious prayen 
f'f his subjects, and to try the divinity of the god, served up human flesh on his turie. 
This impiety so offended Jupiter, that he immediately destroyed ^e house of I^caoo, 
and changed him into a wolf. 

** Of these he murders one ; he boils the flesh. 
And lays the mangled morsels in a dish ; 
Some part he roasts ; then serves it up so dress'd. 
And bids me welcome to his human feast. 
Moved with disdain, the table I o'er turned. 
And with avenging flames the palace burn*d. 
The tyrant in a fright for shelter gains 
The neighboring fields, and scours along the plains: 
Howling he fled, and fain he would have spoke, 
But human voice his brutal tongue forsook. 
His mantle, now his hide, w'th rugged hairs, 
Cleaves to his back : a famish'd face he bears ; 
His arms descend, his shoulders sink away 
To multiply his legs for chase of prey; 
He grows a wolf."— Ovid. Met. B. L 

TELESCOPIC OBJECTS. 

1. a Lcpi — A star with a distant companion, in the tail of Lupus ; R. A. St.. Xm. 
4Ds. ; Dec. S. 17* 56' 5'. A 8H, pale yellow ; B 9)$, grey. To find, draw a line ftcm f 
the central star of Orion's belt, through 6 and its nebulous patch on the sword, as Itv 
down, and Sirius, and you meet a Lupi. 

2. 3 Lupi— A doublb star; R. A. 5h. 21m. 23s.; Dec. S. 20* 68' 5'. A '4, deep jel- 
low; B 11, blue. 

8. y Lopi — A wide triple star in a barren field ; R. A. 5h. 87m. iSs. ; Deo. £* 
80' 2' A 4, light yellow ; B 6)$, pale green ; 18, dusky. A line from 6 Orlonis Uk^w^ 
the second cluster, and carried 16° beyond, falls upon it. 

4. A bright st/olar nebula, of a milky white tinge ; R. A. 6h. ITm. SOs. Dec. S. i4* 
89' 9'. A fine object blazing towards the centre. 

280. Situation of Lupus Number and magnitude of its stars T Best time to ob«enrr 
History. — What was Lupus originally? Why changed and by whom? Describ^ibs 
yhat poci? 
TBU58COPIC OBJtrrs.— Alpha? Beta? Gamma? WhatNebulu? 
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LIBRA (the 80ALB8).— map it. AND V. 

181. This is the seventh sign, and eighth constellation, horn 
the vernal equinox, and is situated in the Zodiac, next east of 
Virgo. 

The sun enters this sign, at the autumnal equinox, on the 23d 
of September ; but does not reach the constellation before the 
2^th of October. When the sun enters the sign Libra, the 
days and nights are equal all over the world, and seem to 
observe a kind of equilibrium, like a balance. 

When, however, it is said that the vernal and autumnal equinoxes are in Aries and 
Libra, and the tropics in Cancer and Capricorn, it must be remembered that the siffna 
Aries and Libra, Cancer and Capricorn, and not the constellations of these names, are 
meant : for the equinoxes are now in the constellations Pisces and Virgo, and the tropics 
in Gemini and Sagittarius ; each consteUaUon hamng gone forward one sign in the 
ecUpUo. 

About 22 centuries ago, the constellation Libra coincided with the Hgn Libra ; but 
baving advanced 80° or more in tlie ecliptic, it is now in the aign Scorpio, and the con- 
■teilation Scorpio is in the sign Sagittarius, and so on. 

While Aries is now advanced a whole sign above the equinoctial point into north decli- 
Zftation, Libra has descended as far below it into south declination. 

182. Libra contains fifty-one stars, including two of the 2d 
nagnitude, two of the 3d, and twelve of the 4th. Its mean 
declination is 8° south, and its mean right ascension 226°. Its 
center is therefore on the meridian about the 2 2d of June. 

It may be known by means of its four principal stars, forming 
a quadrilateral figure, lying northeast and southwest, and 
having its upper and lower corners nearly in a line running north 
and south. The two stars. which form the N. E. side of thu 
square, are situated about 1° apart, and distinguish the Northern 
Scale. The two stars which form the S. W. side of the square 
are situated about 6° apart, and distinguish the Southern Scale. 

Zttbeneschamalif in the Southern Scale, about 21* E. of Spica, and 8* E. of Lambda 
Virginis, is a star of the 2d magnitude, and is situated very near the ecliptic, about 42 3<* 
E. of the autumnal equinox. The distance from this star down to Theta Centauri ii 
about 28°, with which, and Spica Virginis, it forms a large triangle, on the right. 

ZubenelgemaMj the uppermost star in the Northern Scale, is also of the 2d magnitude, 
9^* above Zubeneschamali, toward the northeast, and it comes to the meridian about 
twenty-six minutes after it, on the 28d of June. Zubenelgemabi is the northernmost of 
the four bright stars in this figure, and is exactly opposite the lower one, which is 11* 
south of it. 

ZubenhakraM is a star of the 8d magnitude in the Northern Scale, 7* S. E. of Zubenel- 
gemabi, and nearly opposite to Zubeneschamali, at the distance of 11* on the easi. 
These two make the diagonal of the square east and west. 

Iota is a star of the 4th magnitude, and constitutes the souU ernmost comer of the 
square. It is about 6* S. E. of Zubeneschamali, and 11* S. of Zuoenelgemabi, with which 
U forms the other diagonal north and south. 

ZebenelgtUd is a star of the 8d magnitude, situated below the Southern Scale, at Out 

181. Order and situation of Libra? What circumstance suggesting a baiance? What 
remarks respecting the distinction between the signs and the constellations ? 182. Num* 
ber of stars in Libra ? Its mean declination f Right ascension ? When on the inert* 
dianf Bowmay it beknownf Describe the four stars. Closing remarks f 
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distance of 6* from Iota, and marks the southern limit of the Zodiac. It Is situate i In a 
right line with, and nearly midway between Spica Virginis and Beta Scorpionis : and 
comes to the meridian nearly at the same moment with Nekkar, in the head of Boutes. 

The remaining stars in this constellation are too small to engage attention. 

The scholar, in tracing out this constellation in the heavens, will perceive that Lambda 
and Mu, which lie in the feet of Tirgo on the west, form, with Zubeneschamali and 
Zubenelgemabi, almost as handsome and perfect a figure, as the other two start in the 
Balance do on the east. 

HISTORY. 

Tirgo was the goddess of Justice, and Libra, the scales, which she is asaaUy 
sented as holding in her left hand, are the appropriate emblem of her office. 

The Libra of the Zodiac, says Maurice, in his Indian Antiquities, is perpetnallj i 
upon all the hieroglyphics of Egypt ; which is at once an argument of the great antt<|aity 
of this asterism, and of the probabiliwy of its having ueen originally fabricated by tba 
astronomical sons of Misraim. In some few zodiacs, Astrsca, or the virgin who holds the 
balance in her hand as an emblem of equal justice, is not drawn. Such are the sodlacs 
of Esne and Dendera. Humboldt is of opinion, that although the Romans introduced 
*his constellation into their zodiao in the reign of Julius Cesar, still it might have been 
used by the Egyptians and other nations of very remote antiquity. 

It is generally supposed that the figure of the balance has been used by all nations t« 
denote the equality of the days and nights, at the period of the sun^s arriving at this 
sign. It has also been observed, that at this season there is a greater uniformity in th<* 
temperature of the air all over the earth's surface. 

Others affirm, that the beam only of Uie balance was at first placed among the stars, 
and that the Egyptians thus honored it as their IfUometer^ or instrument by which they 
measured the inundations of the Nile. To this custom of measuring the waters of the 
Nile, it is thought the prophet alludes, when he describes the Ahnighty at meamirk^ 
the toatera in Vie hollow of Ida hand. — ^Isa. zl. 12. 

The ancient husbandmen, according to Virgil, were wont to regard thia sign as indi 
eating the proper time for sowing their winter grain : — 

** But when Astrea's balance, hung on high, 
Betwixt the nights and days divides the sky, 
Then yoke your oxen, sow your winter grain. 
Till cold December comes with driving rain." 

The Oreeks declare that the balance was placed among the stars to perpetaala Am 
memory of Mochus, the inventor of weights and measures. 

Those who refer the constellations of the Zodiac to the twelve tribes of Israel Mcrft* 
the Balance to Asher. 

TELESCOPIC OBJECTS. 

1. a LiBRJB— A wide doublb stab; R. A. 14h. 42m. 08s. ; Dee. S. 15* 82' 8". AS, pato 
yellow ; B 6, light grey. Carry a line from Arctiirus to Spica ; and from thenoe a reel* 
angular one about 22° to the eastward. 

2. /^ LiBRiB— A loose double stab; R. A. 15h. 08m. 24s. ; Dec. S. 8* 47' 4*. A 83i, pals 
emerald ; B 12, light blue. 

8. ^ LiBBiB— A fine triplb stab, between Libra and the right leg of Ophiachos. 16* flron 
An tares, towards Serpen tis; R. A. 15h. 65m. 85s.; Dec. S. 10* 55' 6*. A4Ks,l>righi 
white ; B 6, pale yellow ; C 7Ji, grey. Map VIII., Fig. 11. 

4. A CLOSE OLUBTEB, over the beam of the Scales ; R. A. 15h. 10m. 86s. ; Dec. N. S* 41' f • 
A superb object, with a bright central blaze, and outlines in all direcUons. Map IX^ 
fig. 51. Appears nebulous through small instruments. 

5. A LABGK OOMPBB88BO CLUSTSB of mluuto stars ; R. A. 15h. 08m. 06s. ; Deo. B. SO* 86' T. 
faint and pale. 

History. — ^Who was Virgo, Ac. f Remark of Maurice? What general sai^MMitioBf 
QHiat other explanations? 
SjuboopioObjbcts.— Alpha? Beta? What triple star? Map? QiisteLiaiidMwf 



EKPEN8. 93 



SERPEN'S (the sebpknt).— plate V. 

183. There are no less than foor kinds of serpents placed 
among the constellations. The first is the Hydra, which is situ- 
ated south of the Zodiac, below Cancer, Leo and Virgo ; the 
second is Hydrus, which is situated near the south pole; the 
third is Draco, which is situated about the north pole ; and the 
foorth is the serpent called Serpens Ophiuchi, and is situated 
chiefly between Libra and Corona Borealis. A large part of 
this constellation, however, is so blended with Ophiuchus, the 
Serpent-Bearer, who grasps it in both hands, that the concluding 
description of it will be deferred until we come to that constel- 
lation. 

** The Serpens Ophiuchi winds his spire 
Immense : fewer by ten his figure trace ; 
One of the second rank ; ten shun the sight : 
And seven, he who bears the monster hides.'* 

184. Those stars which lie scattered along for about 25°, in a 
serpentine direction between Libra and the Crown, mark the 
body and head of the Serpent. 

About 10° directly S. of the Crown there are three stars of 
the 3d magnitude, which, with several smaller ones, distinguish 
the head. 

185. UnvJCf of the 2d magnitude, is the principal star in this 
constellation. It is situated in the heart, about 10° below those 
in the head, and may be known by its being in a line with, and 
between, two stars of the 3d magnitude — the lower one, marked 
Epsilon^ being 2^°, and the upper one, marked Deltaj about 5^° 
from it. The direction of this line is N. N. W. and S. S. E 
Unuk may otherwise be known by means of a small star, just 
above it, marked Lambda. 

In that part of the Serpent which lies between Corona Borealis and the Scales, about 
% dosen stars may be counted, of which fire or six are conspicuous. 
War the remainder of this constellation, the student is referred to Serpentariu 

** Vast as the starry Serpent, that on high 
Tracks the ciear ether, and divides tlie slcy. 
And southward winding from the Northern Wain. 
Shoots to remoter spheres its glittering train," ^SkUiue, 

HISTORT. 

The Hivites, of the Old Testament, were worshipers of the Serpent, and were called 
OphUee, The idolatry of these Ophites was extremely ancient, and was connected with 

188. How many serpents among the constellations? Describe each. Which her9 
referred to? Is it ftilly described ? 184. What stars mark the body and head ? 185. 
Name the principal star. Where situated and how known ? 

II18TOEI.— What said of the Hivitee? Tradition req;»eciing Ophiuohoflf Sa|nKM«d 
Brripiure reference? i • 
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Sabeisnii or the worship of the host of heaven. The hereiy of the Opiutes, mentioned 
by Mosheim, in his Ecclesiastical U^tory, originated, perhaps, in the admission into the 
Christian church of some remnant of the ancient and popular sect of Sabeists, who 
adored the celestial Serpent. 

According to ancient tradition, Ophiuchus is the celebrated physician iBscolapius, son 
of Apollo, who was instructed in the healing art by Chiron the Centaur; and the ser- 
pent, which is here placed in his hands, is understood by some to be an emblem of hif 
sagacity and prudence ; while others suppose it was designed to denote his skill in heal- 
ing the bite of this reptile. Biblical critics imagine that this constellation is alluded to 
in the following passage of the book of Job : — 

** By his spirit He hath garnished the Heavens ; his hand hath formed the crooked ser- 

gent." Mr. Green supposes, however, that the inspired writer here refers to Draco 
ecause it is a more obvious constellation, being nearer the pole where the constellation. 
were more universally noticed ; and moreover, because it is a more ancient constellation 
than the Serpent, and the hieroglyphic by which the Egyptians usually represented the 
heavens. 

TELESCOPIC OBJECTS. 

1. a SKRPKsnta (Vhttk) — A star with a minute companion on the heart of the Serpent; 
R. A. 15h. 36m. 28s. ; Dec. N. 6° 55' 9'. A 2)$ , pale yellow ; B 15, fine blue. An extremely 
delicate otgect. 

2. (3 Skrpbmtis — A delicate doublk star in the Serpent's under Jaw; R. A. 15h. 8%n. 
48s. ; Dec. N. 15* 55' 7'. A 8^, and B 10, both pale blue. 

8. 6 Serpbntis — ^An elegant doublb star in the bend of the neck ; R. A. 15h. 27m. lOs. ; 
Dec. N. 11° 04' 7'. A 8, bright white ; B 5, bluish white. A fine object, about 5* N. W. 
of Unak. 

4. ij Skrpentis — A star with a minute companion in the Serpent's body, nearly midway 
between 7f Ophiuchi and a Aquilaa; R. A. 18h. 18m. 02s. ; Dec. S. 2° 56' 0*. A 4, golden 
yellow ; B 18, pale lilac. A delicate and difficult object. 

5. V Serpbntis — ^A wide doublb star in the middle of the Serpent, 4* northeast of ij t 
R. A. 17h. 11m. 49s.; Dec. S. 12* 40' 7'* A 4}$, pale sea-green ; B 9, lilac, with a third 
star in the field. 

6. A delicate doublb star * R. A. 15h. 11m. 08s. ; Dec. N. 2* 22' 6*. A 5^, pale yellow 
B 10}$, light grey. Look 9' southwest of a Serpen tis, 24* southeast of Arcturui. 



CORONA BOREALIS (the nobthebn obown).— MAP V. 

186. This beautiful constellation may be easily known by 
means of its six principal stars, which are so placed as to form 
a circular figure, very much resembling a wreath or crown. It 
is situated directly north of the Serpent's head, between Bootes 
3n the west, and Hercules on the east. 

This asterism was known to the Hebrews by the name of Atarofh^ and by thli naoM 
the stars in Corona Borealis are called, in the East, to this day. 

18*7. Alpkaccay of the 2d magnitude, is the brightest and 
middle star in the diadem, and about 11° E. of Mirac, in Bootes. 
It is very readily distinguished from the others both on account 
of its position and superior brilliancy. Alphacca, Arcturus, and 
Seginus, form nearly an isosceles triangle, the vertex of which u 
at Arcturus. 



TiLBtfcoPio Objects.— Alpha? Beta? Delta? Eta? Nuf Ac. 
186. IIow may Corona Borealis be known? Where situated? Itf 
ftSr. DeKrille Alphaeca? Holw distinguished? What triangk? 
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188. This constellation contains twenty-one stars, of which 
only six or eight are conspicuous ; and most of these are not 
larger than the Sd magnitude. Its mean declination is SO*^ 
north, and its mean right ascension 235° ; its center is therefore 
on the meridian about the last of June, and the first of J aly. 

** And, near to Helice^ effulgent rays 
Beam, Ariadne^ from thy starry crown : 
Tkcenty and one her stars ; but eight alone 
Conspicuous ; one doubtful, or to claim 
The second order, or accept the third.*' 

HISTORY. 

This beautiful little cluster of stars is said to be in commemoration of a crown pre* 
Beiited by Bacchus to Ariadne, the daughter of Minos, second king of Crete. Theseus, 
king of Athens (1235 B. C), was shut up in the celebrated labyrinth of Crete, to be 
devoured by the ferocious Minotaur which was confined in that place, and which usually 
fed upon the chosen young men and maidens exacted from the Athenians as a yearly 
tribute to the tyranny of Minos ; but Theseus slew the monster, and being furnished with 
a clew of thread by Ariadne, who was passionately enamored of him, he extricated 
himself from tiie difficult windings of his confinement. 

He afterward married the beautiful Ariadne according to promise, and carried her 
away ; but when he arrived at the island of Naxos, he deserted her, notwithstanding he 
bad received from her the most honorable evidence of attachment and endearing tender- 
ness. Ariadne was so disconsolate upon being abandoned by Theseus, that, as some say, 
«be hanged herself; but Plutarch says that she lived many years after, and was espoused 
to Bacchus, who loved her with much tenderness, and gave her a crown of seven stare 
which, after her death, was placed among the stars. 

*' Resolves, for this the dear engaging dame 
Should shine forever in the rolls of fame ; 
And bids her crown among the stars be placed, 
And with an eternal constellation graced. 
The golden circlet mounts; and, as it flies, 
Its diamonds twinkle in the distant skies ; 
There, in their pristine form, the gemmy rays 
Between Alcides and the Dragon blaze." 

Haoilios, in the first book of his Astronomicon,^ thus speaks of the Grown. 

" Near to Bootes the bright crown is viewM, 
\nd shines with stars of different magnitude: 
Or placed in front above the rest displays 
A vigorous light, and darts surprising rays. 
This shone, since Theseus first his faith betrayM, 
The monument of the forsaken maid." 

TELESCOPIC OBJECTS. 

. a CoROHwB BORBAUS lAlpJuicca) — ^A bright star with a distant companion ; R. A 
15h. 27m. 64s. ; Dec. N. 27^ 15' 2'. A 2, brilliant white ; B 8, pale violet. 

2. y CoBOKiB BoRBALis — A most difficult BiNART STAR, 2)$* from Alphacca; R. A. 15h. 
84>m. 01s. ; Dec. N. 26* 48' 4'; with a distant companion. A 6, flushed white ; B, uncer- 
tain ; C 10, pale lUac. 

8. C CoRONiB BORBALis — ^A fine DOUBLE STAR, 10* uorth and a little easterly frooi Alphacca ; 
R. A. 15h. 88m. 21s. ; Dec. N. 87* 09' 6'. A 5, bluish white ; B 6, smalt blue A beauti- 
ful c stJect. 

4. 71 CoROSTiB BORBAUS — A BiKART STAR, midway between the Northern Crown and the 
club ^f Bootes ; R. A. 15h. 16m. 868. ; Dec. N. 80* 62' 2*. A north-northwest ray from a 
Cronas, through /?, and half as far again, will hit it. A 6, white ; B 6)$, golden yellow. 

188. How many stars in this constellation? Their magnitudes? Mean decUnattoC 
ftnd right ascension ? 
HBTORT.-^Story re%>ecting Theseus and Ariadne? 
TsLBSOOPio Objects.— Alpha ? Gamma? Zeta? Eta? 
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0ir John Heraehel considered this the most remarkable binary star known, and the <m|^ 
one that had completed a whole revolution since its discovery. Estimated period 4m 
/ears. 



URSA MINOR (the lksseb beae).— MAP VI. 

189. This constellation, though not remarkable in its appear 
ance, and containing but few conspicuous stars, is, nevertheless, 
justly distinguished from all others for the peculiar advantage 
which its position in the heavens is well known to afford to nau- 
tical astronomy, and especially to navigation and surveying. 

The stars in this group being situated near the celestial pole, 
appear to revolve about it, very slowly, and in circles so small 
as never to descend below the horizon. Hence Ursa Minor will 
be above or below, to the right or left of the pole star; accord- 
ing to the hour; as he makes the entire circuit from east to west 
every 24 hours. 

190. In all ages of the world, this constellation has been more 
universally observed, and more carefully noticed than any other, 
on account of the importance which mankind early attached to 
the position of its principal star. This star, which is so near the 
true pole of the heavens, has from tirae immemorial been deno- 
minated the North Polar Star. By the Greeks it is called 
Cyiwsyn ; by the Romans, Cynosuray and by other nations, 
Alrucmhah, In most modern treatises it bears the name of Po- 
laris, or Alpha Polaris. 

191 Polaris is of the 3d magnitude, or between the 2d and 
3d, and situated a little more than a degree and a half from the 
true pole of the heavens, on that side of it which is toward Cas- 
siopeia and opposite to XJrsa Major. Its position is pointed out 
by the direction of the two Pointers, Merak and Dubhe, which 
lie in the square of Ursa Major. A line joining Beta Cassio- 
peiflB, which lies at the distance of 32° on one side, and Mcgrez, 
which lies at the same distance on the other, will pass throagb 
the pola.r star. 

Of the Pole Star Capt. Smyth observes : At present it is only 1* 8S' from the polar poln^ 
ind by its northerly precession in declinath>n will gradually approach to within 26' StT 
"if it. This proximity to the actual pole will occur in A. D. 2095, but will not recar tot 
12,860 years. The period of the revolution of the celestial equinoctiaJ pole about the 
pole of the ecliptic, is nearly 26,000 years ; the north celestial pole, therefore, will bt 
U>out 18,000 years ; hence, nearly 49" from the present polar star. 



189. For what is Ursa Minor distinguished ? What said of its situation and change of 
position ? 190. What said of the notice taken of it? Position of its principal starf 
(ta Greek and Latin names, Ao. ? 191. Describe Polaris? UowftNindf lUniAHBi of 
Capt. Smyth r«i^ectingT 
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192. So general is the popular notion, that the North Polar 
Star is the true pole of the world, that even surveyors and navi- 
gators, who have acquired considerable dexterity in the use oi 
the compass and the quadrant, are not aware that it ever had 
any deviation, and consequently never make allowance for any. 
All calculations derived from the observed position of this star, 
which are founded upon the idea that its bearing is always due 
north of any place, are necessarily erroneous, since it is in this 
position only twice in twenty-four hours ; once when above, and 
once when below the pole. 

193. Hence, it is evident that the surveyor who regulates his 
jompass by the North Polar Star, must take his observation 
when the star is on the meridian, either above or below the pole, 
or make allowance for its altered position in every other situa- 
tion. For the same reason must the navigator, who applies his 
quadrant to this star for the purpose of determining the latitude 
he is in, make a similar allowance, according as its altitude is 
greater or less than the true pole of the heavens ; for we have 
Been that it is alternately half the tune above and half the time 
below the pole. 

194. The method of finding the latitude of a place from the 
altitude of the polar star, as it is very simple, is very often 
resorted to. Indeed, in northern latitudes, the situation of this 
star is more favorable for this purpose than that of any other of 
the heavenly bodies, because a single observation, taken at any 
hour of the night with a good instrument, will give the true lati- 
tude, without any calculation or correction, except that of its 
polar aberration. 

If the polar star always occupied that point in the heavens which is directly on .'Aite 
the north pole of the earth, it would be easy to understand how latitude could be deter- 
mined from it in the northern hemisphere ; for in this case, to a person on the equator, 
the poles of the world would be seen in the horizon. Consequently, the star would 
appear just visible in the northern horizon, without any elevatiun. Should the person 
now travel one degree toward the north, he would see one degree below the star, and Lb 
would think it had risen one degree. 

And since we always see the whole of the upper hemisphere at one view, when there 
it. nothing in the horizon to obstruct our vision, it follows that if we should travel 10* 
north of the equator, we should see just 10" below the pole, which would then appear to 
have risen 10" ; and should we stop in the 42d degree of north latitude we should, in like 
manner, have our horizon just 42" below the pole, or the pole would appear to have an 
elevation of 42*. Whence we derive this general truth : The el&ocUian of the pole of the 
squalor is ahoays eqtial to the latitude of the place of ohseroation. 

Any instrument, then, which will give us the altitude of the north pole, will give us 
also the latitude of the place. 

The method of illustrating this phenomenon, is given in most treatises on the globe, 



19X. What popular error? 198. VThen is the pole star a safe guide for the surveyoi 
cr mariner? What allowances should be made by each? 194. What said of finding 
t^e latitude by obBerratioiis upon the pole star? What general role itatcdf WW 
rnv** oramHtod? 
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tind as adopted by teachers generally, is to tell the scholar that the north pole riaci 
higher and higher, as he traveld further and farther toward it In other words, wha^ 
ever number of degrees he advances toward the north pole, so many degrees will '.i ris« 
above his horizon. Tltis is not only an obvious error in principle, bat it misleads the 
Apprehension of the pupil. It is not that the pole is eleoated^ but that our ?iorizo/i i» 
d/preHMd as we advance toward the north. The same objection lies against the artifi- 
cial globe ; for it ought to be so fixed that the horiaon might be raised or depressed, and 
tae iiole remain in its own invariable position. 

195. Ursa Minor contains twenty-four stars, including three 
of the 3d magnitude and four of the 4th. The seven principal 
stars are so situated as to form a figure very much resembling 
that in the Great Bear, only that the Dipper is reversed, and 
about one half as large as the one in that constellation. 

196. The first star in the handle, called Polaris ^ is the polar 
star, around which the rest constantly revolve. The two last in 
the bowl of the Dipper, corresponding to the Pointers in the 
Great Bear, are of the 3d magnitude, and situated about 15° 
from the pole. The brightest of them is called Kochab, which 
signifies an axle or hinge, probably in reference to its moving so 
near the axis of the earth. 

Kbehab may be easily known by its being the brightest and middle one of the three 
conspicuous stars forming a row, one of which is about 2*, and the other 8' from Kochab. 
The two brighest of these are situated in the breast and shoulder of the animal, about 
8* apart, and are called the Gtutrds or Pointers of Ursa Minor. They are on the meri- 
dian about the 20th of June, but may be seen at all hours of the night, when the skj ii 
clear. 

191. Of the four stars which form the bowl of the Dipper, 
one is so small as hardly to be seen. They lie in a direction 
toward Gamma in Cepheus ; but as they are continually chang- 
ing their position in the heavens, they may be much better traced 
out from the map, than from description. 

Kochab is about 25° distant from Benetnasch, and about 24° 
from Dubhe, and hence forms with them a very nearly equi- 
lateral triangle. 

»' The Lesser Bear 

Leads from the pole the lucid band : the stari 
Which form this constellation, faintly shine. 
Twice twelve in number; only one beams forth 
Conspicuous in high splendor, named by Greece 
The Cynosure; by us, the Polar dXAB." 

HISTORY. 

rhe prevatllng opinion is that Ursa Major and Ursa Minor are the nymph Galisto auJ 
her son Areas, and that they were transformed into bears by the enraged and imperious 
Juno, and afterward translated to heaven by the favor of Jupiter, lest they might be 
destroyed by the huntsmen. ' « i. j. 

The Chinese claim that the emperor Hong-tl, the grandson of Noah, first discovered 



195. Number of stars in Ursa Minor? Their magnitudes? How situated ? !••. !)•• 
■cnoe Polaris, Kochab, and the Guards or Pointers? 197. Are all the stars distinct^ 
visible? Direction? What triangle ? . «»^ .^ * 

iTafOiiT.^What prevailing opinion. ««r myth f Ghioese claim ? Phemciantf 
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ehc polar itar, and applied it to purpoties of navigatioo. It ts certain that it was ancd 
for this purpooe in a very remote period of antiquity, from yarious passages in th9 
ancients, it is manifest ttiat the Phenicians steered by Cynosura, or the Lessor Bear; 
vhereaSf the mariners of Greece, and some other nations, steered by the Greater Dear, 
called Helice, or ilelix. 

Locan, » Latin poet, who flourished about the time of the birth of our Saviour, thug 
adverts re the practice of steering vessels by Cynosura : — 

** Unstable Tyre now Icnit to firmer ground, 
With Sidon for her purple shells renown'd, 
Safe in the Cynotnire their glittering guide 
With well-directed navies stem the tide." 

RowE*s Translation, B. iil. 

Tho following extracts from other poets contain allusions to the san^e fact: 

** Phenicia, spurning Asians bounding strand, 
hf the bright Pole starts steady radiance led, 
Bade to the winds her daring sails expand. 
And fearless plough'd old Ocean's stormy bed.** 

Madricb's Elegy on Sir W, tfonea, 

**Te radiant signs, who, from the ethereal plain 
Sidonitins guide, and Greeks upon the main, 
Who from your poles all earthly things explore, 
And never set beneath the western shore." 

Ovid's lYistia, 

** Of all yon multitude of golden stars, 
Which the wide rounding sphere incessant bears. 
The cautious mariner relies on none, 
But keeps him to the constant pole alone.** 

LucAN's Pharsalia, B. viiL ▼. 22S. 

Ursa Ma)or and Ursa Minor are sometimes called Triones^ and sometimes the Greater 
and Lesser Wains. In Pennington's Memoirs of the learned Mrs. Carter, we kave tlic 
following beautiful lines : — 

** Here Cassiopeia fills a lucid throne, 
There, blaze the splendors of the Northern Crown ; 
While the slow Cur^ the cold Triones roll 
O'er the pale countries of the frozen pole : 
Whose faithful beams conduct the wandering ship 
Through the wide desert of the pathless deep." 

Thales, an eminent geometrician and astronomer, and one of the seven wise men of 
Greece, who fiourished six hundred years before the Christian era, is generally reputed 
(o be the inventor of this constellation, and to have taught the use of it to the Phenician 
navigators ; it is certain that he brought the knowledge of it with him from Phenice into 
Greece, with many other discoveries both in astronomy and mathematics. 

Until the properties of the magnet were known and applied to the use of navigation, 
and for a long time after, the north polar star was the only sure guide. At what time the 
attractive powers of the magnet were first known, is not certain ; they were known in 
Europe about six hundred years before the Christian era ; and by the Chinese records, i^. 
b said that it^ polar attraction was known in that country at least one thousand years 
earlier. 

TELESCOPIC OBJECTS. 

1. a Urs^ MnroBis (PolarU) — A double star; R. A. Ih. 2m. lOs.; Dec N. 88* OT' 4*. 
A 2}$, topaz yellow ; B 9M, pale white. Map VIII., Fig. 12. 

2. /3 Urs« Mu;oris {Kochah) — A star with a distant companion in the left shoulder ; 
R. A. 14h. 51m. 14s.; Dec. N. 74* 48' 2'. A 9, reddish ; B 11, pale grey— several small 
jtars in the field 

8. 6 Ursa Mixoris— A star with a very distant telescopic companion in the middle of 
the tail of the figure ; R. A. 18h. 2dm. 56s. ; Dec. N. 86' 85' 4'. A 8, greenish tinge , 
B 12, grey. 

What proofs from the poetd ? What other names for Ursa Major and Ursa Minor f Whk* 
mid of Thales T Use of the pole star? The magnet? 
Iliuscorio OvuciH.— Alpha r Show on the mup, Beta— Delta^Epeilon-^M 
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4. E UitsjK M.XOHI8 — A star with a minttte conpanion, at the root of the tall; R. A 
I7h. 02m. *578.; Dec. N. 88' 17' 01'. A 4, bright yellow; B 12, pale blue; three cthci 
telescopic stars in the field. It is easily found, being the third star from Polails 

6. C Uksjc BIixoRiS — A double star in the middle of th') body; R. A. 1«%. 4lhn. 69(^3 
Dec. N. 78* 16- 07'. A 4, flushed white ; B 11, bluish • with a yellow lUr of &e Mh toaa- 
Ditudc in the field. 



CHAPTER IX. 

CONSTELLATIONS ON THE MERIDIAN IN JULY. 

SCORPIO (tub scokpion).— map V. 

1 98. This is the eighth sign, and ninth constellation, in the 
order of the Zodiac. It presents one of the most interesting 
groups of stars for the pupil to trace out that is to be found in 
the southern hemisphere. It is situated southward and east 
ward of Libra, and is on the meridian the 10th of July. 

The sun enters this sign on the 28d of October, but does not reach the oaruUUaHon 
before the 20th of November. When astronomy was first cultivated in the East, the two 
lolstices and the two equinoxes took place when the sun was in Aquariof and Leo, Tan- 
rus and Scorpio, respectively. 

199. Scorpio contains, according to Flarasted, forty-four stars, 
including one of the 1st magnitude, one of the 2d, and eleven of 
the 3d. It is readily distinguished from all others by the pecu- 
liar luster and the position of its principal stars. 

ArUares is the principal star, and is sitUdted in the heart of 
the Scorpion, about 19 east of Zubenelgubi, the southernmost 
star in the Balance. Antares is the most biilliant star in that 
region of the skies, and may be otherwise distinguished by its 
remarkably rod appearance. Its declination is aboat 26° S 
It comes to the meridian about three hours after Spica Virginia, 
or fifty minutes after Corona Borealis, on the 10th of July. It 
is one of the stars from which the moon's distance is reckoned 
for computing the longitude at sea. 



There are four great stars in the heavens, Fomalhaut^ Aldeharan^ Ssffmltu^ 
Antares^ wfiich formerly answered to the solstitial and equinoctial points, and whldl 
ff.ra much noticed by the astronomers of the East. 

200. About 8^® northwest of Antares, is a star of the W 



11^8. Order of Scorpio among the signs, Ac? Its comparative interest? Sitnktioiif 
IHien docs the sun enter this sign t When the cofiMeUation f flow wiUi the soUtlect 
4nd equinoxes anciently? Why not so now? 199. Number and magnlfeodM of ^ 
etars in Scorpio? How distinguished? Name and position of its prlnoloaltUjrf Hot 
koovD t What uac made of it? What three othor ttars mentioned ? SQO 
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oia^itade, in the head of the Scorpion, called Ghaffias^ It is 
but one degree north of the earth's orbit. It may be recognized 
by means of a small star, situated about a degree northeast of 
it, and also by its forming a slight curve with two other stars 
of the 3d magnitude, situated below it, each about 3° apart. 
The broad part of the constellation near GrafiQas, is powdered 
with numerous small stars, converging down to a point at 
Antares, and resembling in figure a boy's kite. 

201. As you proceed from Antares, there are ten conspicuous 
stars, chiefly of the 3d magnitude, which mark the tail of the 
kite, extending down, first in a south-southeasterly direction 
about 1T°, thence easterly abont 8° further, when they turn, 
and advance about 8° toward the north, forming a curve like a 
shepherd's crook, or the bottom part of the letter S. This 
crooked line of stars, forming the tail of the Scorpion, is very 
conspicuous, and may be easily traced. 

The first star below Antares^ which is the last in the back, is of only the 4th magni- 
tude. It Is about 2° southeast of Antares, and is denoted by the Greek name of T. 

Sp%Uon^ of the 8d magnitude, is the second star from Antare.), and ttie first in the 
tail It is situated about V below the star T, but inclining a little to the east. 

J/i», of the 8d magnitude, is the 3d star from Antares. It is situated AH' beloVE^i- 
Ion. It may otherwise be known by means of a small star close by it« on the left. 

2eto, of about the same magnitude, and situated about as far below Mu, is the fourth 
star from Antares. Hero the line turns suddenly to the east. 

Eta^ also of the 8d magnitude, is the fifth star from Antares, and about 8)$* east of 
Zeta. 

TheUiy of the same magnitude, is the sixth star from Antares, and about 4H* east 
of Gta. Here, the line turns again, curving to the north, and terminates in a couple 
of stars. 

loia is the seventh star from Antares, 8^* above Theta, curving a little to the le.'. 
It is a star of the 8d magnitude, and may be known by means of a small star, almost 
touching it, on the east. 

Kappa^ a star of equal brightness, is less than 2* above Iota, and a little to the right. 

LemUhj of the 8d magnitude, is the brightest of the two last, in the tail, and is situated 
about 8* above Kappa, still further to the right It may readily be known by means of 
a smaller star, close by it, on the west. 

202. This is a very beautiful group of stars, and easily traced 
out in the heavens. It furnishes striking evidence of the facility 
with which most of the constellations may be so accurately 
delineated, as to preclude everything like uncertainty in the 
knowledge of their relative situation. 

" The heart with luster of amazing force, 
Refulgent vibrates; faint the other parts, 
And ilUdefined by stars of meaner note." 

HISTORY. 

This aifuwas anciently represented by various symbols, sometimes by a snake, and 
kometiaws by a crocodile ; but most commonly by the scorpion. This last symbol in 

■tnr described? Size and position? How recognized? What said of the broad part cr 
body of Scorpio? 201. What stars form the tail of Scorpio? Are they conspicuoo} ^ 
Name and describe in detail ? 208. General remarks respecting thih constellation? 
IIfbTOi'.r.~-Hoir was Scorpio anciently delineated? How regarded by ancittot astroHi 
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(bond on the Mlthralc monnineats, which is pretty go<>(1 eridenee tlutt these monoiBeall 
rerc constructed when the vernal equinox accorded with Taurus. 

On ')oth the sodiacs of Dendera, there are rude delineations of this animal ; that on 
fhe portico diflTers considerably from that on the other sodiac, now in the Louvre. 

Scorpio was consid*;red by the ancient astrologers as a sign accursed. The EgyptlaiMf 
4xed the entrance of the sun into Scorpio as the commencement of the reign of Typhon^ 
when the Greeks fable<l the death of Orion. When the sun was in Scorpio, in the month 
of Athwr^ as Plutarch informs us. the Ejryptians inclosed the body of tlieir god Osiris -q 
an art^ or chest, and during this oerentony a great annual festival was celebrated. 
Three days after the priests hnd Inclosed 0:*iris in the ark, they pretended to have found 
bim again. The death of Osirb, then, was lamented when the sun in Hcorpio dencended 
to the lower hemisphere, and when he arose at the vernal equinox, then Osiria was said 
to be born anew. 

The Egyptians or Chaldeans, who first arranged the Zodiac, might have placed Scorpio 
in this part of the heavens to denote that when the sun enters this sign, the diseases 
Incident to the fruit season would prevail ; since Autumn, which abounded in fruit, often 
brought with it a great variety of diseases, and might be thus fitly represented by that 
venomous animal, the scorpion, who, as he recedes, wounds with a sting in his tail. 

Mars was the tutelary deity of the Scorpion, and to this circumstance is owing all that 
^rgon of the astrologers, who say that there is a great analogy between the malign 
influence of the planet Mi^rs and this sig^. To this also is owing the doctrine of the 
alchemists, that iron, which metal they call Mar*, is under the dominion of Scorpio ; so 
(hat the transmutation of it into gold can be effected only when the sun Is in this sign. 

The constellation of the Scorpion is very ancient. Ovid thus mentions it in Ills beau^ 
tifUi fable of Phaeton : — 

** There is a place above, where Scorpio bent. 
In tail and arms surrounds a vast extent ; 
In a wide circuit of the heavens he shines, 
And fills the place of two celestial signs.** 

According to Ovid, this is the famous scorpion which spran^; out of the earth at the 
command of Juno, and stung Orion ; of which wound he died. It was in this way tho 
imperious goddess chose to punish the vanity of the hero and the hunter, for boMtioig 
that there was not on earth any animal which he could not conquer. 

** Words that provoked the gods once from him fell, 
* No beasts so fierce,* said he, * but I can quell ;* 
When lo ! the earth a baleful scorpion sent. 
To kill Latona was the dire intent ; 
Orion saved her, though himself was slain, 
But did for that a spacious place obtain 
In heaven : * to thee my life^ said she, ^ XDa% dear^ 
And/or thy merit it/ufie UluMrioua t/iere," 

Although both Orion and Scorpio were honored by the celestials with a place amooit 
the stars, yet their situations were so ordered that when one rose the other should Mtt 
and rice versa ; so that they never appear in the same hemisphere at the same time. 

In the Hebrew zodiac this sign is allotted to Dan, because it is written, ** Dan shall ho 
a serpent by the way, an adder in the path.** 

TELESCOPIC OBJECTS. 

1* A SooRrn {Antaresy—k bright star with a companion in the heart of Scorpio; E. A 
16h. 19m. 8<te. ; Dec. S. 26* 04* 8'. A 1, fiery red ; B 8, pale. Very close. 

2. /? ^co%m{Graffia») — A star with a companion in the head; R. A. 15h. Mm. OSl»* 
Dec. 8. 19^ 21' 7'. A 2, pale white ; B 5)<, lilac tinge. 

8. V SooRPii — A neat dodblb star, east by north from /5 about 2* ; R. A. lOh. OStn. 41s. \ 
Dec. S. 19" (ri- 3'. A 4, bright white; B 7, pale lilac. Professor Mitchell registers this 
ts a triple star. 

4. a SooRPii — A delicate doitblr star in the body of the figure; R. A. 16h. Ilm. 



gersf Egyptian myth respecting Typhon, Ac. f Supposed reason why Scorpio was pliioad 
where it ijf Why do astrologers connect Mars with Scorpio? The Alchemists f Whs* 
poetic proof of th: itiqaity of Scorpio? Ovid*s myth respecting ? Rnlative posttioa of 
Orion and Scorpio / i"r\ce of 8con>io in the Hebrew Zodiac, and why ? 

TKLtscopio Objbcts.— Alpha? Beta? Nu? Sigma? What cluster? Point oat oo Ikt 
nap. What Nebula ? 
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IttMS. ^. 26* 12' 8*. About S* west by north of Antares. A 4, creamy white; B 9)« 
lilac tint. 

5. A ooMPRKSSKDGLOBrLAR CLUSTBR in the right foot of Ophiuchus, or the Scorpion*? 
oack ; R. A. 16h. 07in. 2S8. ; Dec. S. 22* 85 4*. Half way between a and .(? Scorpii, or 4' 
east of (). A fine bright object, in an open space, with a few telescopic stars in tlii* 
field. Pronounced by llerschel " the richest and most condensed mass of Rt;irs which 
the firmament can offer to the contemplation of astronomers." Map IX., ¥ig. 52. 

6. A compressed mass of very small stars, in the middle of the body, with outlay n, 
and a few stellar companions in the field ; R. A. 16h. I3m. 51 s. ; Dec. S. 26* 07' 6*. li is 
lii* west of Antares. Elongated and bright in the center. 

7. A fine large rbsolvablb nkbola at the root of the tail, about 7* southeast f^om 
Antares ; R. A. I6h. 51 ra. 04s. ; Dec. S. 29* 50' 6'. A mass of small stars running up to a 
blase in the center—has been mistaken for a comet. 



HERCULES.— MAP V. 

203. Hercules is represented on the map invested with the 
skin of the Nemsean Lion, holding a massy club in his right 
hand, and the three-headed dog Cerbenis in his left. He occu 
pies a large space in the northern hemisphere, with one foot rest- 
ing on the head of Draco, on the north, and his head nearly 
touching that of Opbiuchus, on the south. This constellation 
extends from 12® to 60° north declination, and its mean right 
ascension is 255° ; consequently its centre is on the meridian 
about the 21st of July. 

204. Hercules is bounded by Draco on the north, Lyra on the 
east, Ophiuchus or the Serpent-Bearer on the south, and the Ser- 
pent and the Crown on the west. It contains one hundred and 
thirteen stars, including one of the 2d, or of between the 2d and 
3d magnitudes, nine of the 3d magnitude, and nineteen of the 
4th. The principal star is Has Algethi, and is situated in the 
head, about 25° southeast of Corona Borealis. It may be 
readily known by means of another bright star of equal magni- 
tude, 5° east-southeast of it, called Ras Alhague. Ras Alhague 
marks the head of Ophiuchus, and Ras Algethi that of Her- 
cules. These two stars are always seen together like the bright 
pairs in Aries, Gemini, the Little Dog, &c. They come to our 
meridian about the 28th of July, near where the sun does the 
last of April, or the middle of August. 

About midway between Ras Algethi on the southeast, and Ariadne's Crown on tae 
northwest, may be seen Beta and Gamma, two stars of the 8d magnitude, situated in 
the west shoulder, about 8" apart. The northernmost of these two is called RntUvnut. 

Those four stars in the shape of a diamond, 8* or 10* southwest of the two in tha 
shoulder of ilercules, are situated in the head of the Serpent. 



806. Describe Hercules? His magnitude and position? When on the meridian T 
104. How bounded ? T<«umber of stars ? Their size ? Principal star, and how known > 
Vhai said of Ras Alhague, and lias Algethi ? Of Beta and Gamma f 
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205. About 12° E. N. E. of Rntilicos, and 10^* directly ncrth o 
lias Algettii, art; two stars of the 4th magnitade, in the east 
shoulder. They may be known by two very minute stars a little 
above them on the left. The two stars in each shoulder of Her 
cules, with Ras Algethi in the head, form a regular triangle. 

The left, or east arm of Hercales, which grasps the triple-headed monster Cerberus, 
may be traced by means of three or four stars of the 4th magnitudet situated in a row, 
S* and 4* apart, extei ding from the shouldtfr, in a northeasterly direction. That small 
cluster, situated in a triangular form, about 14' northeast of Ras Algethi, and 18^ east- 
southeast of the left Khoulder, distinguish the head of Cerberus. 

Eighteen or 20* norUieast of the Croirn, are four sta*^ of the 8d and 4th magnitudes, 
forming an irreg^ar square, of which the two soutliern ones are about 4* apart, and in 
a line 6* or 7* south of the two northern ones, which are nearly 7* apart. 

Fiy in the north eat t corner, may be known by means of one or two other small stars, 
close by it, on the east. EUiy in the northwest corner, may be known by its being in a 
row with two smaller stars, extending toward the northwest, and about 4* apart. Tlie 
stars of the 4th magnitude, just south of tlie Dragon's head, point out the left foot and 
ankle of Hercules. 

Several other stars, of the 3d and 4th magnitudes, may be traced out in this constella- 
tion, by reference to the map. 

inSTORY. 

This constellation is intended to immortalize the name of Hercules, the Theban^ m 
celebrated in antiquity for his heroic valor and invincible prowess. According to the 
ancients, there were many persons of this name. Of all .these, the son of Jupiter and 
Alcmena is the most celebrated, and to him the actions of the others have been gene- 
rally attributed. 

The birth of Hercules was attended with many miraculous events. He was brought 
up at Tirynthus, or at Thebes, and before he had completed his eighth month, the jealousy 
of Juno, who was intent upon his destruction, sent two snakes to devour him. Not ter- 
rified at the sight of ihe serpents, he boldly seized them, and squeesed them to death, 
while his brothei Iphicles alarmed the house with his frightful shrieks. 

He was early instructed in the liberal arts, and soon became the pupil of the centaur 
Chiron, under whom he rendered himself the most valiant and accomplished of all the 
heroes of antiquity. In the 18th year of his age, he commenced his arduous and glorious 
pursuits. He subdued a lion that devoured the flocks of his supposed father, Amphi- 
tryon. After he had destroyed the lion, he delivered his country from the annual tri- 
bute of a hundred oxen, which it paid to Erginus. 

As Hercul<>8, by the will of Jupiter, was subjected to the power of Eurysthens, and 
obliged to obey him Li every respect, Eurysthcus, jealous of his rising fame and power, 
ordered him to appear at Mycenae, and perform the labors which, by priority of birth, 
he was empowered to impose upon him. Hercules refused, but afterwards consulted 
the oracle of Apollo, and was told that he must be subservient, for twelve years, to the 
will of Eurystheus, in compliance with the commands of Jupiter; and that, after he had 
achieved the most celebrated labors, he should be reckoned in the number of the gods. 
So plain an answer determined him to go to Mycenae, and to bear with fortitude what- 
ever gods or men should impose upon him. Eurystheus, seeing so great a man totally 
subjected to him, and apprehensive of so powerful an enemy, conmianded him to achieve 
a number of enterprises the most difficult and arduous ever known, generally called the 
TwBLVB Labors op Hkrcules. Being furnished with complete armor by the favor of the 
gods, he boldly encountered the imposed labors. 

1. He subdued the Nenieean Lion in his den, and invested himself with his skin. 

9. He destroyed the Lernsean Hydra, with a hundred hissing heads, and dipped hii 
arrows in the gall of the monster, to render their wounds incurable. 

8. He took alive the stag with golden horns and brazen feet, so famous for its incre- 
dible swiftness, after pursuing it for twelve months, and presented it, nnhort, to 
Plurystheus. 

4. He took alive, the Erymanthian Boar, and killed the Centaurs who opposed him. 



205. What two other stars, and what triangle? How trace the left or east arm of Her- 
cules? What four stars, and forming what? Describe Pi, and how known. Etaf Anj 
ether stars? 

HiSTOaT.— 1>e8ign of »Ms constellation ? Story c f the birth of Hercules f His woodtvfb' 
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5. He eleafised Che staMes of Aagias, in whfr*i 8,000 oxe& had be^n conKned for many 
yean. 

6. He killed the carniToroaa birds which ravaged the countrjr of Arcadia, and fed on 
haman flesh. 

7. He took alire, and broaght into Peloponnesus, the trild bull of Oret^, which no 
mortal durst look upon. 

8. He obtained for Eurystheus the raarea of Diomedes, which fed oii human flesh after 
having given ttieir owner to be first eaten bj them. 

9. He obtained the girdle of the queen of the Amaxons, a formidable nation of warlike 
f' TcUes. 

10. He killed the monster Geryon, king of Gades, and brought away his numtrr-iu 
fluuks, whicii fed upon human flesh. 

11. He obtained the golden apples from the garden of the Hesperides, which were 
*r \tched by a dragon. 

' 2. And finally, he brought up to the earth the three-headed do; Cerberus, the guar- 
dian of the entrance to the infernal regions. 

According*to Dupuls, the twelve labors of Hercules are only a figurative representation 
of the annual course of the fiun through the twelve signs of the Zodiac ; Hercules being put 
for the sun, inasmuch as it is the powerful planet which animates and imp.xrts fecundity 
to the universe, and whose divinity has been honored, in every quarter, by temples and 
altars, and consecrated in the religious strains of all nations. 

Thus Virgil, in the eighth book of his Aneid, records the deeds of Hercules, and roin. 
brates his praise : — 

** The lay records the labors, and the praise, 
And all the immortal acts of Hercules. 
First, how the mighty babe, when swath'd in bands, 
The serpents strangled with his infant liands ; 
Then, as in years and matchless force he grew, 
The OSchalian walls and Trojan^verthrew, 
Besides a thousand hazards they relate, 
Procured by Juno's and Eurystheus' hate. 
Thy hands, unconquer'd hero, could subdue 
The cloud-born Centaur, and the monster crew* 
Nor thy resistless arm the bull withstood ; 
Nor he, the roaring terror of the wood. 
The triple porter of the Stygian seat 
With lolling tongue lay fawning at thy feet, 
And, seized with fear, forgot the mangled meat. 
The infernal waters trembled at thy sight: 
Thee, god, no face of danger could affright; 
Nor huge Typhseus, nor the unnumberM snake. 
Increased with hiMing heads, in Lema's lake." 

itesides these arduous labors which the jealousy of Eurystheus Ir '^x^sed upon him, At 
also achieved others of his own accord, equally celebrated. Before he delivered hiratell 
up to the king of Mycenas he accompanied the Argonauts to Colchis. He assisted the 
gods in their wars against the giants, and it was through him alone tl^at Jupiter obtained 
the victory. He conquered Laomedon and pillaged Troy. 

At three different times he experienced fits of insanity. In the second, he slew the 
brother of hia beloved lole ; in the third he attempted to carry away the sacred tripod 
from Apollo's temple at Delphi, for which the oracle told him he mujit be sokd as a sla^e. 
He was sold accordingly to Omphale, queen of Lydia, who restored him to liberty, and 
married him. After this he returned to Peloponnesus, and re-established on the throne 
of Sparta his friend Tyndarus, who had been expelled by Hippocoon. He became 
enamored of Dtjanira, whom, after having overcome all his rivals, he married ; but waf 
obliged to leave his father-in-law's kingdom, because he had inadvertently killed a man 
with a blow of his fist. He retired to the court of Ceyx, king of Trachina, and in his 
way was stopped by the streams of the Evenus, where he slew the Centaur Nessus, for 
presuming to offer indignity to his beloved Dt^anira. The Centaur, on expiring, gave to 
uejanira the celebrated tunic which afterward caused the death of Hercules. ** This 
tunic," said the expiring monster, ** has the virtue to recall a husband from unlawful 
love." Dejanira, fearing lest Hercules should relapse again into love for the beautifui 
lole, gave him the fatal tunic, which- was so infected with the poison of the Lemasao 



r^Ioita ? Ori|^n and character of the twelve labors f What are these labors snppoted 
to represent t What quotation from Virgil ? Story of the death of Hercules? Qryid * 
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Hydra, tiiathe had no sooner Itiveated him^elTwith it, than It began tc penetrate lill 
hjn««B, and to boil thruugn all hia veins. Hu attempted to pull it off, but it was too Uto. 

•* As the red iron hisses in the fli)r»d, 
So boils the venom in his curdling blood. 
• Now with the greedy flume his entrails glow, 

And livid sweats down all his body flr.» 
The crackling nerves, burnt up, are burst in twain, 
The lurking venom melts his swimming brain." 

Ai the distemper was Incurable, he implored the protection of Jupiter, gave hfs bow 
and arrows to iniiloctetes, and erected a lar^^e burning pile on the top of Mount (Kta. 
lie spread on the pile the skin of the Nemsean lion, and laid himself down u|)on it, as on 
a bed, leaning his head upon his club. Philoctetes set fire to the pile, and the hero saw 
himself, on a s'ldden, surrounded by the most appalling flames ; yet he did not betray 
any marks of fear or astonishment. Jupiter saw him from heaven, and told the sur- 
rounding gods, who would have drenched the pile with tears, while they entreated tt tt 
he would raise to the skies the immortal part of a hero who had cleared the earth fn m 
■o many monsters and tyrants ; and thus the tliunderer spake : — 

'* Be all your fears forborne : 

The (Etean fires do thou, great hero, scorn. 

Who vanquished all things shall subdue the flame 

That part alone of gross maternal frame 

Fire shall devour ; while what from me he drew 

Shall live immortal, and its force subdue : 

Thaty when he's dead, IMl raise to realms above , 

May all the powers the righteous act approve." 

Ovid's Met. lib. Is. 

Accordingly, after the mortal part of Hercules was consumed, as the ancient poeto 
wy, he was carried up to heaven in a chariot drawn by four horses. 

** Quem pater omnipotens inter cava nubila raptom, 
QuadrUugo curru radiantibus intulit astris.'* 

^'* Almighty Jove 

In his swift car his honorM ofTspring drove ; 
High o'er th e hollow clouds the coursers fly, 
And lodge the hero in the starry sky." 

Ovid's Met. lib. Ix. t. iH. 

TELESCOPIC OBJECTS. 

1. a Hbrcuus (Rob Algethi)—k beautiful imublb star in the head of Hercules ; R. A* 
17h. uTm. 21s. ; Dec. N. 14» 84' 06". A 8)6, orange ; B 5>i, greenish. Map VIII., Pig. 18. 

2. t^ Hkrculis {RutUioun) — A fine doublb star in a barren field, on the hero's left 
•boulder ; R. A. I6h. 28m. 21s. ; Dec. N. 21° 50' 6'. A 2}j, pale yellow; B 11, lilac tint. 

8. y Hbrculis — An open doublb star in a dark field, on the left arm ; R. A. 16h. 14m. 
58s. ; Dec. N. \9° 82' 0'. A 8)$, silvery white; B 10, lilac. About half-vay from JUu 
Algethiy in the head, to Alpkacca in the Northern Crown. 

4. (] Hbrculis — A binart star on the right shoulder, and about 11* due north of a* 
R. A. 17h. 08m. 288. ; Dec. N. 25* 01' 9'. A 4, greenish white ; B 8)6, grape red. It 
forms an equilateral triangle with a and 13. 

5. C Hbrcuus — A close binary star over the middle of the body ; R. A. 16h. 8&m. 15e. , 
Dec. N. 81* 58' 7'. A 8, yellowish white; B 6, orange tint. A " wonderous ofajecf^ 
one star being sometimes occulted by the other. 

6. n JlERCius — A bright star with a distant companion on the left thigh; R. A. 15U 
87m. 258. ; Dec. N. 89* 18' 8'. A 8, pale yellow ; B 10, dusky. 

7. A LAROB clustrr on the left thigh, between ^ and rj^ 8^* southwesterly of the 
latter; R. A. 16h. 85m. 53s. ; Dec. N. 86* 45' 8'. A superb object, blazing up in the cen- 
ter, with numerous outlayers. Map IX., Fig. 58. Blay be seen by the naked eye in the 
absence of the moon. 

8. A GLOBULAR CLUSTER of minutc stars 1^* north by east of rj; R. A. 17h. 12m. 14s . 
Dec. N. 48* IS' 4'. Large, bright, and resolvable, with a luminous centre. 8everui 
other stars in the field. Map IX., Fig. 54. 

Teluicopic Objbcts.— Alpha r Point out on ihe map Beta? Gamma f IMtftf 
Bt«? What clusters? Point out on the map. What Nebula? 



SERPENTARIUS. 10? 

9. A small planbtaby mkbula between the hero*s shoalders ; R. A. I6h. 87 oi. 46s. ; Deo 

U* 05' 8'. A curious ofatject, with a disc 8" in diameter. Look northeast of y and li 
«n the left arm, to a point forming an equilateral triangle with these two stars. 

10. A flneTLAMBTABT MKBULA near the right knee of Hercules; R. A. Kh. 4Bm. 38s 
.>ec. N. 46* 47' 0'. About 4* east by north from r. It is large, round, and of a luftiJ 
pa.e blue hue. A 6th magnitude star near it somewhat eclipses its brightness 



SERPENTARIUS, VEL OPHIUOHUS (the skkpent beabeb).— 

MAP V. 

206. The Serpent-Bearer is also called -^sculapias, or tlie 
i^od of medicine. He is represented as a man with a venerable 
beard, having both hands clenched in the folds of a prodigious 
serpent, which is writhing in his grasp. 

The constellation occupies a considerable space in the mid- 
heaven, directly south of Hercules, and west of Taurus Ponia- 
towski. Its center is very nearly over the equator, opposite to 
Orion, and comes to the meridian the 26th of July. It contains 
seventy-four stars, including one of the 2d magnitude, five of 
the 3d, and ten of the 4th. 

207 The principal star in Serpentarius is called Ras Alhagvs. 
It is of the 2d magnitude, and situated in the head, about 5° 
E. S. E. of Ras Algethi, in the head of Hercules. Ras Alhague 
is nearly 13° N. of the equinoctial, while Rho, in the southern 
foot, is about 25° south of the equinoctial. These two stars 
serve to point out the extent of the constellation from north to 
south. Ras Alhague comes to the meridian on the 28th of July, 
about 21 minutes after Ras Algethi. 

About 10* S. W. of Ras Alhague are two small stars of the 4th magnitude, scarcely 
more than a degree apart. They distinguish the left or west shoulder. The northern 
one is marked Iota and the other Kappa. 

Eleven or twelve degrees S. S. E. of Ras Alhague are two other stars of the 8d magni* 
tude, in the east shoulder, and about 2* apart. The upper one is called Ch^Ub^ and the 
lower one Gamma. These stars in the head and shoulders of Serpents rius, form a tri« 
angle, with the vertex in Ras Alhague, and pointing toward the northeast. 

208 About 4° E. of Gamma, is a remarkable cluster of four 
or five stars, in the form of the letter Y, with tne open part to 
the north. It very much resembles the Hyades. This beautiful 
little group mark the face of Taurus Poniatowski. The solsti- 
tial colure passes through the equinoctial about 2° E. of the 



206. What other name has the Serpent Bearer? How represented? Situation and 
txtentf Number and size of its principal stars? 2u7. Name of its principal star' 
Ifignitnde and situs 'ion? Rho, and its situation? Use of tliese two 8iar.«? What sai4 
ftf Iota and Rap|;a? Of Chekb and Gamma? SOS. What remarkable cluster? Fm 
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lower star in the vertex of the V. The letter name of thu; 
star is k. 

There is somethinx remarkable In its central position. It is situated almost exactly tn 
the mid>beavens, bevng nearly equidistant from the poles, and midway between the rer- 
nal and autumnal equinoxes. It is, howeyer, about one and a third d**grees nearer the 
oorth than the south pole, and about two degrees nearer the autumnai than the Teraal 
equinox, being about two degrees west of the solstitial colure. 

Directly south of the V, at the distance of about 12*, are two rery small stars, about 
2* apart, situated in the right hand, where it grasps the serpent. About half-waj 
between, and neariy in a line with, the two in the han«J and the two in the shoulder, i> 
another star of the 8d magnitude, marked Zeta^ situated in the 3&-pent, oppo«ir.« the 
right elbow. It may be known by means of a minute star just under it. 

Marsic, in the left arm, is a star of the 4th magnitude, about lU* S. W. of Iota ani 
Kappa. About 7* farther in the same direction are two stars of the 8d magnitude, situ- 
ated in the hand, and a little more than a degree apart. The upper one of the two, 
which is about 16* N. of tiraffias in Scorpio, is called Yed; the other is marked Epsilon. 
These two stars mark the other point in the folds of the monster where it is grasped bj 
Serpentarius. 

The left arm of 8 trpentarius may be easily traced by means of the two stars in the 
shoulder, the one (Margie) near the elbow, and the two in the hand ; all lying nearly 
in a line N. N. £. and S. S. W. In the same manner may the right arm be traced, by 
stars very similarly situated ; that is to say, first by the two in the east shoulder, just 
west of the Y, thence d* in a southerly direction inclining a little to the east, by Zeta, 
(known by a little star right under it,) and then by the two small ones in the right hand, 
situated about 6* bebw Zeta. 

About 12* from Antares, in an easterly direction, are two stars in the right foot, about 
2* apart. The large st and lower of the two, is on the left hand. It is of between the 
8d and 4th magnituoes, and marked liho. There are several other stars in this constal- 
latiou of the 8d and 4th magnitudes. They may be traced out from the m«ps. 

** Thee, Serpentarius, we behold distinct, 
With Bevent/y-four refulgent stars ; and one 
Graces thy helmet, of the second class : 
The SerperUy in thy hand grasp'd, winds his spire 
Immense ; fewer by ten his figure trace ; 
One of the second rank ; ten shun the sight; 
And seven, he who bears the monster hides." — EudoHo, 

HISTORY. 

Thii constellation was known to the ancients twelve hundred years before the C%p^ 
tian era. Homer mentions it. It is thus referred to in the Astronomicon of Maniiiiia - 

" Next, Ophiuchus strides the mighty snake, 
Untwists his winding folds, and smooths his back, 
Extends his bulk, and o'er th? slippery scale 
His wide-stretch'd hands on either side prevail 
The snake turns back his head and seems to rage : 
That war must last where equal power prevails.'* 

Aseulaplus was the son of Apollo, by Coronis, and was educated by Chiron the OeD- 
taur in the art of medicine, in which he became so skilful, that he was considered tiie 
inventor and god of medicine. At the birth of ^sculapius, the insplreH daughter of 
Chiron uttered, ** in sounding verse " this prophetic strain. 

** Hail, great physician of the world, all hail I 
Hail, mighty infant, who, in years to come, 
Shall heal the nations and defraud the tomb! 
Swift be thy growth 1 thy triumphs unconflned 1 
Make kingdoms thicker, .ind increase mankind . 
Thy daring art shall animate the dead. 
And draw the thunder on thy guilty head : 
Then shalt thou die, but from the dark abode 
Rise up victorious, and be twice a god." 

and resemblance? Blarks what? What said of the lower star in the Y.? What stin 
louth of it ? What c f Marslc ? Of Yed and Epsilon f How trace the left arm ? 

UiSTORT. — Antiquity of this constellation f Proof? Who was .fisculaplus ? AeeoiMt 
9f his great skill f Uls metamorphosis t Remarkable fact respecting Socrates and Vlafo? 
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He accompanied the Argonauts to Colchis, In the capacity of physician. He is said to 
feave restored many to life, insomuch that Pluto complained to Jupiter, that his dark 
dominion was in danger of being de|^K)pu]ated by his art. 

iBsculapius was worshiped at Epidaurus, a city of Peloponnesud, and hence he is 
atyled by Milton ** the jiod in Epidaurus." Being sent for to Rome in the time of a plague, 
he assumed the form of e serpent and accompanied the ambassadors, but though thus 
changed, he was JSscuiapius still, in »erpe7Ue deuA — the deity in a sen>^ot — and under 
that form he continued to be worshiped at Rome. The cock and the serpent were sacred 
to him, especially the latter. The ancient physicians used them in their prescriptions. 

One of the last acts of Socrates, who is accounted the wisest and best man of Pagan 
ftDtlquity, was to offer a cock to iEsculapius. He and Plato were both idolaters ; they 
sonformed, and advised others to conform, to the religion of th«<ir country ; to gross 
*dolatry and absurd superstition. If the wisest and most learned were so blind, wtat 
most the foolish and ignorant have been f 

TELESCOPIC OBJECTS. 

1. a OraiiTCHi {Ras Athague) — 4 bright star with a minute companion, m tne head ot 
the figure ; R. A. r 7h. 27m. SOs. ; Dec. N. 12* 40' 08'. A 2, sapphire ; B 9, pale grey. A 
eoarse Uriplet of sniHll stars near them. 

2. 6 Opfiiutmi {^Yed) — A star with a distant companion, in the right hand ; R. A. 16h. 
06m. 58s. ; Dec. S. 8' 16' 07*. A 3, deep yellow ; B 10, pale lilac ; a ihird minute star in 
the field. 

8. 7) 0phiu(SI — ^A brilliant star with a distant companion, on the left knee ; on tlit? 
margin of the milky if ay ; R. A. 17h. 01m. Ids. ; Dec N. 15° 81' 03'. A 2H, pale yellow ; 
B 18, blue. 

4. r Ophiuchi — ^A close bikart star on the left hand, 15* northeast of the bright star 
w, just described, towards Altair; R. A. 17h. 54m. 22s.; Dec. S. 8* 10' 04". A 5, and B 
9. both pale white; 10, light blue; two other stai^ in the field. Out of place uu the 
map, or R. A. wrong in the tables, as given above. 

5. A TRIPLE or rather multiplr star, between the left foot of Ophiuchus, and the root of 
<he tail of Scorpio ; R. A. 17h. 05m. 298. ; Dec. S. 26* 21' 05'. It is about 10* due east of 
Antares. A 4>j, ruddy; B 6Ji, pale yellow; C 7}^, greyish. The latter is double, a 
minute companion appearing at a distance, though not seen through ordinary instruments 
For relative position, Ac, see Map YIII., Fig. 14. 

6. A fine globular clitstkr, between the right hip and elbow ; R. A. 16h. 88m 5€». ; 
Dec. S. 1* 40' 08'. A rich cluster, condensed towards the center, with many straggling 
outlayers. About 8' from £ Ophiuchi, towards /^. 

7. A RICH CLUSTRR of comprcssed stars, in the right hip ; R. A. 16n. 4Sm. 45s. ; Dee. S 
S* 51' 08'. About 8* east of e Ophiuchi ; or half-way between (i Librae, and a Aquilas. \ 
oeautiful roimd cluster, and may be seen with a telescope three feet in length. 

8. A ROUND CLUSTBR ou the left leg ; R. A. 17h. 09m. 42s. ; Dec. S. 18* 2o' 07'. It lies 
about 8* southeast of e, and rather more than % the distance on a hne from Antares tc 
Altair. A fine ol^ject— myriads of stars clustering to a blaze in the center. 

9. A LARGB GLOBULAR CLUSTBR in the left arm ; R. A. 17h. 29m. 13s. ; Dec. S. 8* 09' 01'. 
It lies 16* south of Ras Alhague, or about half Way h'om jd Scorpii to t Aquilas. 6)6* south- 
ry-weit of y Ophiuchi. A fine object, of a lucid white, and may be seen with small instrU' 
mcnta. Several stars in the field. Map IX., Fig. 55. 

Tbuesoopio OBJBOTS.~Alpha? Delta? Eta? What multiple st*.*? FoiBt oat in tk» 
itop. What dusters? Which shown on the map? 
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CHAPTER X. 

CONSTELLATIONS OX THE MERIDIAN IN ADOClfP. 

DRACO (tub dragon).- -3([AP VL 

209. This constellation, which compasses a large circmt u: the 
polar regions by its ample folds and cont-ortions, contains manj 
stars which may be easily traced. From the head of the mon- 
ster, which is under the foot of Hercules, there is' a complete 
coil tending eastwardly, about 17® N. of Lyra ; thence he winds 
down northerly about 14° to the second coil, where he reaches 
almost to the girdle of Cepheus; theu he loops down 'somewhat 
in the shape of the letter U, and makes a third coil aboat 16° 
below the first. From the third coil he holds a westerly course 
for about 13°, then goes directly down, passing between the 
head of the Lesser and the tail of the Greater Bear. 

210. Draco contains eighty stars, including two of the 2d 
magnitude, three of the 3d, and sixteen of the 4th. 

** The DroQim. next, winds like a mighty streftin: 
Within its ample folds are HgMy stars, 
Four of the second order. Far lie waves 
His ample spires, involving either Bear J* 

The head of the Dragon is readily distinguished by means of 
four stars, 3°, 4°, and 5° apart, so situated as to form an irregu- 
lar square ; the two upper ones being the brightest, and both 
of the 2d magnitude. The right-hand upper one, called Stanin, 
has been rendered very noted in modern astronomy from lU 
connection with the discovery of a new law in physical science, 
called the Aberration of Light. 

The letter name of this star is Gamma, or Oammn DraoonU; and by this appdlattoc 
it is most frequently culled. The other bright star, about 4* from it on the left, if 
Raxtaben. 

211. About 4° W. of Rastaben, a small star may, with close 
attention, be discerned in the nose of the Dragon, which, with 
the irregular square before mentioned, makes a figure somewhat 
resembling an Italic F, with the point toward the west, and tlie 
open part toward the east. The small star in the nose, is called 
Er liakis. 



209. Describe Draco — its situation and extent. 210. Number and sise of ita princl- 

{>al stars f IIow may the head of Draco be distinguished t What said of Etanin f It^ 
etter name? What of Rastaben? 211. Of Er Rakisf Further of Rastabvnt 01 
Btanin ? Of Grumium ? Of Omicron t How may the second coil be recognised ? What 
^t Zota t Of Eta, Theto, and Asich ? Of Thuban, Kappa, and Giansar t 
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The two tmall Stan A* or 6* S. of Rastaben are in th« left foot of Hercules. 

Rastabcn is on the meridian nearly at tiie same moment with Has Alhagne. Etaniu, 
40* N. of itf is on the meridian aboat the 4tn of August, at the same time with the three 
jreetem stars in the face of Taurus Ponlatowslcii, or the V. It is situated less than 2* west 
o ' the solstitial colure, and is exactly in the seenith of London. Its favorable position has 
le i English astronomers to watch its appearance, for long periods, with the most exact and 
unwearied scrutiny. 

Of the four stars forming the irregular square in the head, the lower and right>hand one 
ll 5^* N. of Etanin. It is called Grumittmy and is of the 8d magnitude. A few degrees 
B. of the square, may be seen, with a little care, eight stars of the 5th magnitude, and one 
of the 4th, which is marked Omicrotij and lies 8* E. of Qrumium. This group is in the first 
coil of the Dragon. 

The second coil is about 13* below the first, and may be recognized by means of four 
stars of the 8d and 4th magnitudes, so situated as to form a small square, about half the 
sice nf that in the head. The brightest of them is on the left, and is marked Delta. A lin«^ 
drawn from Rastaben through Qrumium, and "produced about 14*, will point it out. A line 
drawn from Lyra through Zi Draconis, and produced 10* further, will point out Zeta^ a 
star of the 8d magnitude, situated in the third coil. Zeta may otherwise be known, by its 
being nearly in a line with, and midway between, Etanin and Kochab. From Zeta, the 
remaining stars in this constellation are easily traced. 

iTto, Theta^ and Atdch^ come next; all stars of the 8d magnitude, and at the distance 
severally, of 6*, 4*, and 5* from Zeta. At Aisich, the third star from Zeta, the tail of tlie 
Dragon makes a sudden crook. Thuban^ Kappa^ and Giatuar^ follow next, and com- 
plete the talL 

212. Thv,han is a bright star of the 2d magnitude, 11° from 
Asich, in a line with, and about midway between, Mizar and the 
south ernmcst guard in the Little Bear. By nautical men this 
star is called the Dragmi^s Tail, and is considered of much 
importance at sea. It is otherwise celebrated as being formerly 
the north polar star. About 2,300 years before the Christian 
Era, Thuban was ten times nearer the true pole of the heavens 
than Cynosura now is. 

Kappa is a star of the 8d magnitude, 10* ft'om Alpha, between Megrez and the pole. 
Mizar and Megrez, hi the tail of the Qreat Bear, form, with Thuban and Kappa, In the 
tail of the Dragon, a large quadrilateral figure, whose longest side is from Megrez to 
Kappa. 

Oianaar^ the last star in the tail, is between the 8d and 4th magnitudes, and 5* from 
Kappa. The two pointers will also point out Oiansar, lying at the distance of little moro 
than 8* firom them, and in the direction of the pole. 

HISTORY. 

Mythologlsts give various accounts of this constellation. By some it Is represented as 
the watchful dragon which guarded the golden apples in the famous garden of the Hes* 
perides, near Mount Atlas in Africa, and was siain by Hercules. Juno, who presented 
these apples to Jupiter on the day of their nuptials, took Draco up to heaven, and made a 
constellation of him, as a reward for his falthAil services. Others maintain that in the war 
with Uie giants, this dragon was brought into combat, and opposed to Minei va, who seized 
It in her hand, and hurled it, twisted as it was, into the heavens round the axis of the 
world, before it had time to unwind its contortions, where it sleeps to this day. Othei 
writers of antiquity say, that this is the dragon killed by Cadmus, who was ordered by his 
fattier to go in quest of his sister Europa, whom Jupiter liad carried away, and never tc 
•«tiim to Phenicia without her. 

** When now Agenor had his daughter lost. 
He sent his son to search on every coast ; 
And sternly bade him to his arms restore 
The darling maid, or see his face no more.'* 



814. Size and position of Thuban? What called by nautical men t Hew otherwiac 
9«alebrated? What further of Kappa, M'zar, Megrez, Ac. ? 
I liHTOAT.— Various Uythol^cal aco^/ontsf Story of Cadmus and the dragon's teetb t 
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Hii search, hoirerer, proving fruitless, he consulted the orade of Apollo, anl 
oidered to build a city vrhere he should see a heifer stop in the grass, and to call thu 
country Boeotia. He saw the heifer according to the oracle, and as he wished to render 
thaukt) to the god by a sacrifice, he sent his companions to fetch water from the neighbor- 
ing grove. The waters were sacred to Mars, and guarded by a moat terrific dragon, who 
devoured all the messengers. Cadmus, tired of their seeming delay, went to tbe {dace, 
and saw the monster still feeding on their flesh. 

Cadmus, beholding such a scene, boldly resolved to avenge, or to share their fate. He 
therefore attaciced the monster with slings and arrows, and, with the assistance c.f 
Minerva, slew him. He then plucked out his teeth, and sowed them, at the command of 
Pallas, in a plain, when they suddenly sprung up Into armed men. 

Entertaining worse apprehension from the direfUl offspring than he had done fk'om the 
Iragon himself, he was about to fly, when they fell upon each other, and were all slain In 
one promiscuous carn&ge, except five, who assisted Cadmus to build the city of Boeotia. 

TELESCOPIC OBJECTS. 

1. a Draconis ( Thuban) — A star with a distant companion In the fifth coll of Draco ; R 
A. 14h. 00m. 08s. ; Dec. N. 65' 08' 04'. A 8^, pale yeUow ; B 8, dusky ; two other Mars in 
the field. Upwards of 4,6i)0 years ago, this was the pole*star of the Chaldeans. 

2. 3 Dbacokis (Rastaben) — A star with a very distant companion, in the eye of Draco ; 
R. A. 17h. 26m. 48s. ; Dec. N. 52' 25' 02'. A 2, yeUow ; B 10, bluish ; other stars in field. 

8. y Draconis (iZtonin)— A star with a telescopic companion, in the crown of Draco; 
R. A. 17h. 52m. 588. ; Dec. N. 51* 80' 06'. A 2, orange tint; B 12, pale lilac. A third star 
in the field making a neat triangle with A and B. £tanik Is celebrated as the star by 
viewing which, Bradly discovered the aberration of light in 1725. It is a senith-star at 
the Greenwich observatory. 

4. 6 Draconis — A bright star with a distant companion, in the second flexure ; R. A. 
19h. 12m. 30s. ; Dec. N. 67' 22' 08'. A 8, deep yellow ; B 9>^, pale red; other smaU stars 
in the field. 

5. £ Draconis — A fine double star between the second and third flexures ; R. A. IJNi. 
18m. 41s. ; Dec. N. 69' 51' 6'. A 5H, light yeUow; B 8, blue; a third star Just north 
■>f a. 

6. 7f Draconis — A star with a companion, between the third and fourth flexures ; R. A 
I6h. 21m. 48s. ; Dec. N. 61' 52' 04'. A 8, deep yeUow ; B 11, pale grey. 

7. fx Draconis — A very neat binary ststsm, on the tip of the* Dragon's tongue ; R. A 
17h. 02m. 028.; Dec. N. 54' 41' 02'. A 4, and B 4>i, both white. Resembles CaAor, 
though the components are nearer equal. Period, about 600 years. 

8. A TRiPLB STAR in the first flexure; R. A. 18h. 21m. 86s.; Dec. N. 08* 42' 05*. AQ^ 
pale white; B 83i, light blue; C 7, ruddy. A difficult olgectp-^bout mklwaj between 
y and (J. 

9. A beautlAil triplb star in the nose of Draco, on a* line from y over jSt and near 
twice as much further ; R. A. 16h. 82m. 28s. ; Dec. N. 58' 14' 09*. A 6, pale yeOow ; B$Ht 
faint lilac ; C 6, white ; four other stars in view. 

10. A BRIGHT-CLASS, OVAL NEBULA, Under the body of Draco ; R. A. 15h. 02m. OSs. ; Dee. 
N. 56* 28' 0*. Faint at the edges, with four stars in the field ; one quite near it. 

1 1 . A PLANETARY NEBULA, between the second and third coil, on a Une from P<darifl to y 
Draconis : R. A. 17h. 58m. 88s. ; Dec. 66* 88' 01'. A remarkably bright and pale Une 
ob.iect, with several telescopic stars in the field. Map IX., Fig. 56. It b aituated eza^ 
in the poie of the ecliptic. 



LYRA (the harp).— map V. 

213. This constellation is distinguished by one of the moit 
brilliant stars in the northern hemisphere. It is situated direct- 
ly south of the first coil of Draco, between the Swan on iha 

Tcucaoopio Objicts.— Alpha ? BeU? Oamma? Delta? Epiilonf Ktaf Mot 
Triple stars ? Nebulas ? 

218. Howls Lyra distinguished! Where ■itaatedt Number and ilw tf 5l9 
ul start! 
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east, and Hercules on the west ; and whea on the meridian, id 
almost directly overhead. It contains twenty-one stars, inclad- 
ing one of the 1st magnitude, two of the 3d, and as many 3f 
the 4 th. 

There Z^a, for the brightness of her stars. 
More than their number, eminent ; thrice seven 
She counts, and one of these iliuiuiuates 
The heavens far around, blazing imperial 
In iheftr^ order." 

214. This star " blazing imperial in the first order" is called 
Vega^ and sometimes Wega ; but more frequently, I/ijra, after 
the name of the constellation. 

There is no possibility of mistaking this star for any other. 
It is situated 14f ° S. E. of Eltanin, and about 30° N. N. E. of 
Ras Alhague and Ras Algethi. It may be certainly known by 
means of two small, yet conspicuous stars, of the 5th magnitude, 
situated about 2° apart, on the east of it, and making with it a 
beautiful little triangle, with the angular point at Lyra. 

The northernmost of these two small stars is marked Epailon, and the southern one 
Zeta. About 2' S. E. of Zeta, and In a line with Lyra, is a star of the 4th magnitude, 
marked Delia^ in the middle of the Uarp; and 4** or 5° S. of Delta, are two stars of the 
8d magnitude, about 2' ai^irt, in the garland of tlie Harp, forming another triangle, whose 
vertex is in Delta. The star on the east is marked Gammu ; that on the west, Beta. If 
a line be drawn trom Etanin through Lyra, and produced 6** farther, it will reach Beta. 

This is a varlaUe star, changing from the 3d to nearly the 5th magnitude in the spaci) 
of a week ; it is supposed to have spots on its surface, and to turn on its axis, like 
our Bun. 

dhifnma comes to the meridian 21 minutes after Lyra, and precisely at the same 
momeot with Ep^UoUy in the tail of the £agle, 17>^° S. of it. 

The remarkable brightness of a Lyra has attracted the admi- 
ration of astronomers in all ages. Manilius, who wrote in the 
age of Augustus, thus alludes to it : — 

** Okb, placed in front above, the rest, displays 
A vigorous light and darts surprising rays." 

A«Aron(ymic(m^ B. i. p. 1ft. 

HISTORY. 

It is generally asserted that this is the celestial Lyre which Apollo or Mercury gave to 
Orpheus, and upon which he played with such a masterly hand, that even the most rapid 
rivers ceased to flow, the wild beasts of the forest forgot their wilduess, and the moun- 
tains came to listen to his song. 

Of all tb« nymphs who used to listen to his song, Eurydyce was the only one who made 
a deep impression on the musician, and their nuptials were celebrated. Their happiness, 
however, was short. Aristssus became enamored of Eurydice, and as she fled from her 
pursuer, a serpent, lurking in the grass, bit her foot, and she died of the wound. Orpheus 
resolved to recover her, or perish in the attempt. With his lyre in his hand, he entered 
the infernal regions, and gained admission to Pluto. The king of hdl was charmed with 
his strains, the wheel of Ixion stopped, the stone of Sisyphus stood still, Tantalus forgot 
his thirst, and even the furies relented. 

Pluto and Proserpine were moved, and consented to restore him Eurydice, provided lit 
forbore looking behind till he had come to the extremest borders of their dark domini^nn. 



214. Names of the most brUliant star? How certainly known ? Where are Spsiloo, 
lata. Delta, Gamma, and Beta? What peculiarity about Beta ? In a I^yrnt 
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The condition was accepted, and Orpheus was already in sight of tho vppei egtoos of 
»he air, when he forgot, and turned bacic to look at liid long-iodt Karydioit. He saw her 
but she instantly vauisited from las sight. He attempted again to fbUow her, but iraa 
refu:}ed admission. 

From ttiis time, Orpheus separated himself from the society of mankind, which ao 
nffended the Thraciau women, ii is said, that they tore his body to pieces, and threw hin 
head into the Hebrus, still articulating ihe words Kurydice ! Eurydice! ks it was carried 
down the stream into the iEgean sea. Orpheus was one of the Argonauts, of which cele- 
brated expedition he wrote a poetical account, which is still extant. After his death, hr 
ruceived divine honors, and his lyre became one of the coustfliationa. 

This fable, or allegory, designed merely to represent the power of mnsic in the handf 
of the great master of the science, is similarly described by three of ttie moat renowned 
Latin poets. Virgil, in tlie fourth book of his Georgics, tlius describes the effect of tt •* 
lyre : — 

** £*en to the dark dominions of the night 
Ue took his way, through forests void of light. 
And dared amid the trembling gliosts to sing. 
And stood before tlie inexorable king. 
The infernal troops like passing shadows glide. 
And listening, crowd the sweet musician's side ; 
Men, matrons, children, and the unmarried maid, 
The mighty hero's more majestic shade, 
And youth, on funeral piles before tlieir parents laid. 
E'en from the depths of hell the damn'd advance ; 
The infernal mansions, nodding, seem to dance ; 
The gaping three-mouth'd dog forgets to snarl ; 
The furies hearken, and their snakes uncurl ; 
Ixion seems no more his pain to feel. 
But leans attentive on his standing wheel. 
All dangers past, at length the luvely bride 
In safety goes, with her melodious guide.'* 

Pythagoras and his followers represent Apollo playing upon a harp of seven strings, 
by which is meant (as appears from Pliny, b. ii. c. 2*i, Macrobius i. c. 19, and Oenaorios 
c. ii.), the sun in conjunction with the seven planets ; for they made him the leader of 
that septenary chorus, and the moderator of nature, and thought that by his attractive 
force he acted upon the planets in the harmonical ratio of their distances. 

The doctrine of celestial harmony, b^ which was meant the music of the spheres, was 
c-ommou to all the nations of the East. To this divine music Euripidea beautiftiliy 
tilludes: — "Thee 1 invoke, thou self'Created Being, who gave birth to Nature, and wlioui 
light and darlwess, and the whole train of globes encircle with eternal music." — So a.flO 
tUiakspeare :— 

" Look, how the floor of heaven 
Is thick inlaid, with patines of bright gold ; 
There's not tlie smallest orb which thou behold'st, 
But in his motion like an angel sings. 
Still quiring to th<i young-eyed cherubim: 
Such harmony is in immortal souls ; 
But, while this muddy vesture of decay 
Doth grossly close it in, we cannot hear it.'* 

The lyre was a famous stringed instrument, much used among the ancients, said to 
have been invented by Mercury about the year of the world 2,000; though son»e ascribe 
the invention to Jubal. (Genesis iv. 21.) It is universally allowed, that the lyre was ths 
first instrument of the string kind ever used in Greece. The different lyres, at various 
l)eriods of time, had from four to eighteen strings each. Th< modern lyre is the Welsh 
harp. The lyre, among painters, is an attribute of Apollo and the Muses. 

All poetry, it has been conjectured, was in its origin lyric; that is, adapted to redta* 
tirn or song, with the accompaniment of music, and distinguished by the utmost boldness 
o' thought and expression ; being at first employed in celebrating the praises of gods 
and heroes. 

Lesbos was the principal seat of the Lyric Muse ; and Terpander, a native of tlds 
island, who flourished about 650 years B. C., is one of the earliest of the l^rle poets 
whose name we find on record. Sappho, whose misfortunes have united with her taleJta 
vo render he. nnme memorable, was born at Mityiene, the chief city of Lesbos. She 



lliSTORT. — Story of Orpheus and Eurydice ? Design of this myth ? Celebrated b/ wftff 
|M>ets V Origin of tlie Lyre, and o* Lyr'c poetry f What taid of Pindar? 
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reckoned a tenth muse, and placed without cont*'oyersj at the head of the female writers 
In Greece. But Pindar, a native of Thebes, who flourished about 500 years B. C, If 
vtjied the prince of lyric poets. To him his fellow-cittzeDS erected a roossmeni ; and 
4rhec the Lacedemonians rava^d Boeotia, and burnt the capital, the following words 
""ere written upon the door of the poet: Foubkar to burn this house. It was thi 

DWBLLINO OF PlMDAB. 

TELESCOPIC OBJECTS. 

1. a "Lybm—A star with a little compinion ; R. A. ISh. 81m. 80s. ; Dec. N. 88* 88' 01*. 
A 1, pale sapphire ; B 1 1. smalt blue. Map VIII., Fig. 15. 

a Lyria is computed to be 400,000 times as remote as our sun ; or &3,000,000,000,000 
distant ! And yei what is tliis to the mean distances of many of those of the 12th to 15ta 
magnitudes ? 

2. /? hruMr—k star with its companions forming a quadruple system ; R. A. 18h. 44ra. 
09s.; Dec. N. 88° 10' 08*. A 8, very white and splendid; B 8, pale grey; C 83$, fain} 
yellow ; D 9, light lilac. jS is regarded as variable. 

8. y LvRiB — A lustrous star 7' southeast of Vega, with a minute distant companion 
R. A. 18h. 52m. 57d. ; Dec. N. 82' 28' 05*. A 8, bright yeUow ; B 11, blue ; other tele' 
Bcopic stars in the field. 

4. e LtrjB— A splendid multiplb star, only 1^* northeast of Vega; R. A. 18h. 89m. 
02s. ; Dec. N. 89' 80' 08*. Map VUI., Fig. 16. With small instruments it appears simply 
double ; but with better instruments each of the components are found to be double, and 
binary systems. Between the twin systems are three minute stars. The components of 
the two systems are described as A 5, yellow; B 63$, ruddy; C 5, and D 53$, both white. 
A, B ere the lowest, or northern pair. 

These two twin systems are in motion around a common center of gravity, as well as 
the respective components around each other. The period of the individual systems is 
estimated at about 2,iK)0 years; while 1,000,000 of years are supposed to be requisite for 
a revolution round the common center of both I 

0. C LYR.S- -A fine dodblb star about 2* south of e ; R. A. 18h. 89m. Ids. ; Dec N. 87* 
S6' 05*. A 5, topaz ; B 53$, greenish. 

6. fj Ly tua— 'A neat doublr star 6* east of Vega ; R. A. 19h. 08m. 18s. ; Dec. N. 88* 52 
05'. A 5, sky blue ; B 9, violet tint. A line ohject for a moderate telescope. 

7. V Ltrje — A QUADRUPLB STAR in the cross-piece of the Lyre ; R. A. ISh. 48m. 48s. ; Dec. 
N. 82* 88 0'. A 9, pale yellow; B 18, bluish; C 11, pale blue; D 15, blue; three othei 
stars in the field. A very delicate otatject. 

5. A GLOBULAR CLUSTER, in a Splendid field, between the eastern yoke of Lyra and the 
head of Cygnus ; R. A. 19h. 10m. 198. ; Dec. N. 29* 54' 02' . About 53$* southeast of Lyras, 
towards /} Cygni, and 83$* from the latter. Map IX., Fig. 57. 

9. An ANNULAR NEBULA between /? and y; K. A. 18h. 47m. 87s.; Dec. N. 82* 50' 01*. 
A wonderful oliiject, in the form of an elliptical ring. Supposed by Uerschel to be 900 
times as distant as Sirius. A clear opening through its center, and several stars in the 
field. Map IX., Fig. 58. 



TAURUS PONIATOWSKIL— MAP V. 

216. This small asterism is between the shoulder of Ophiu- 
chus and the Eagle. The principal stars are in the head, and 
of the 4th magnitude. They are arranged in the form of the 
letter V, and from a fancied resemblance to the zodiac Ball, and 
the Hyades, became another Taurus. See description of Ser- 
peatarius^ article 206. 

TsutMX>pic OarBCTS. — ^Alpha? Beta? Gamma? Bpsilon? Point out on the map. 
Zeta? Eta? Nu? What cluster? Point out on the mip. What nebula, and X7herr 
Mind on the map ? 

t16. Describe Taurus Poniatowskii. Where situated ? 
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TELESCOPIC OBJECTS. 

1. A aeat jOVBls star In the space between the Polish Boll, and the Eagle*8 winf , K 
east of a Ophiuchi. in a line towards AlUir ; R. A. ITh. 68m. ITs. ; Dec. N. 11* 59' 08" 
A 8, straw-color; B 8H, sapphire blue. 

2. A fine plakbtart kkbula, in a rich vicinitj, in the shoulder; R. A. ISfa. Otei. 91s. , 
Dec. N. 6* 49' 02'. A small but bright object, regarded by ProC Stmre as o&e of the mos* 
jarioas in the heavens. Bf any telescopic stars in the field. 



SCUTUM SOBIESKl (sobikski's soield).— MAP V. 

216. This small figure is between the head of the Polish Bull, 
and the bead of Sagittarius. Its four principal stars are of the 
5th magnitude ; and it is important chiefly for its Telescopic 
Objects. 

TELESCOPIC OBJECTS. 

1. A DOUBui STAR 1^* oortheast of fJL Sagittarii; R. A. ISh. 07m. 87s.: Dec. S. 19" A' 
05*. A 8i$, and B 10, both grey. 

2. A nea* doublb star, in a long and straggling assemblage below ttie Shield ; R. 4. 
ISh. 10m. 8te. ; Dec. S. 17* 11' 07'. A 9, and B 11. both bluish. It is 4* from /i SagittarU, 
in a very rich vicinity; several splendid fields lying only about 1* south of it. 

8. A BKAunruL clustkr below the base of the Shield ; R. A. 18h. 08m. 49a. ; Dec. 8. 18' 
27' 05*. A line from a Aquilse, southwest over A Antinoi, and continued as Car afaln, 
will reach this object. 

4. A soattrrbd but large clustkr, north-half-east from fj. Sagittarii 7* ; R. A. 18h. 
09ra. 44s. ; Dec. S. 18* 50' 05*. Stars disposed in pairs, the whole forming a very pretty 
object in a telescope of tolerable capacity. 

5. A HORSB-SBOB NZ3ULA just below the Shield ; R. A. 18h. 11m. 2ds. ; Dec. S. 16* 15' 08*. 
It has been compared to a Greek Q. Map IX., Fig. 59. Five stars in the otje^ and 
others in the field, and the region around it particularly rich. Sir William Uerschd 
computed tnat there were 285,000 stars in a space 10* long, andSJi* wide; many of 
which were 2,800 times as far off as Sirius t 



SAGITTAPwIUS (the AEcnER).--MAP V, 

217. This is the ninth sign and the tenth constellation of the 
Zodiac. It is situated next east of Scorpio, with a mean decli- 
nation of 35^ S., or 12° below the ecliptic. The sun enters this 
sign on the 2 2d of November, but does not reach the const^ 
lation before the Tth of December. It occupies a considerable 
space in the southern hemisphere, and contains a number of sub- 
ordinate, though very conspicuous stars. The whole number rf 
its visible stars is sixty-nine, including five of the 3d magnitade, 
and ten of the 4th. 



Telrsoopio Objbcts. — What double star ? What nebula ? 

214. Situation and components of Scotum Sobieski ? For what chiefly tmportaal f 
Tblrscopio Objects. — What double stars ? Clusters? Nebula? 
217. Order of SHgittarius, in the signs &nd constellations? When does ths 
tais Hgr^ t The cumst'. 'dation t Its extent ? Number and siie of its start f 
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SI 8. Sagittarins may be readily distinguished by means of five 
stars of the 3d and 4th magnitudes, forming a figure resem- 
bling a little, short, straight^handied dipper, turned nearly bot- 
tom upward, with the handle to the west, familiarly called the 
MUk'Dypper^ because it is partly in the Milky-Way. 

This little figure is so conspicuous that it cannot easily be 
mistaken. It is situated about 33^ E. of Antares, and comes 
to the meridian a few minutes after Lyra, on the Itth of Au- 
gust. Of the four stars forming the bowl of the Dipper, the two 
upper ones are only 3° apart, and the lower ones 5°. 

The two smaUer stars forming the handle, and extending westerly al>out 4^*, and the 
easternmost one in the bowl of the Dipper, are all of the 4th magnitude. The star in 
the end of the handle, is marked Lambda^ and is placed in the bow of Sagittarius, Just 
within the Milky- Way. Lambda may otherwise he known by its being nearly in a line 
with two other stars about 4}<* apart, extending toward the S. E. ■ It is also equidistant 
from /^Ai and DeUa, with which it makes a handsome triangle, with the vertex in 
Lambda. About 5' above Lambda, and a little to the west, are two stars close together 
In the end of the bow, the brightest of which is of the 4th magnitude, and marked Mu. 
This star serves to point out the winter solstice, being about 2° N. of the tropic of Capri- 
corn, and less than one degree east of the solstitial colure. 

If a line be drawn from Sigma through Phi, and produced about 6* farther to the west, 
U will point out DeUa^ and produced about 3" from Delta, it will point out Gamnui; stars 
of the dd magnitude, In the arroir. The latter is in the point of the arrow, and may be 
known by means of a small star just above it, on the right. This star is so nearly on tlie 
same meridian with Etanln, in the head of Draco, that it culminates only two minutes 
after it. 

A few other conspicuous stars in this constellation, forming a variety of geometrical 
figures, may be easily traced from the map. 

HISTORY. 

This constellation, It is said, commemorates the famous Centaur Chiron, son of Philyra 
and Saturn, who changed himself into a horse, to elude the jealous inquiries of his wife 
Rhea. 

Chiron was famous for his knowledge of music, medicine and shooting. He taught 
mankind the use of plants and medicinal herbs; and instructed, in all the polite arts, 
the greatest heroes of the age. He taught ^sculapius physic, Apollo music, and Her 
cules astronomy ; and was tutor to Achilles, Jason, and iEneas. According to Ovid, he 
was slain by Uercoles, at the river Evenus, for offering indignity to his newly marrie J 
bride. 

** Thou monster double shap'd, my right set free— 
Swift as his words, the fatal arrow flew ; 
The Centaur's back admits the feather'd wood. 
And through his breast the barbed weapon stood ; 
Which, when in anguish, through the flesh he tore, 
From both the wounds gush'd forth the spumy gore.** 

The arrow which Hercules thus sped at the Centaur, having been dipped in the blood 
•f the Lemnan Hydra, rendered the wound incurable, even by the father of medicine 
himself, and he begrf d Jupirer to deprive him of immortality, if thus he might escape 
his excruciating paiuJ. Jupiter granted his request, and translated him to a pine* 
among the constellationf. 

** Blidst golden stars he stands refulgent now. 
And thrusts the Scorpion with his bended i>ow.*' 

This Is the Qreclan account of Sagittarius ; but as this constellation appears on the 
aacient todiacs of Egypt, Dendera, Esne, and India, it seems conclusive that tlie Qreeki 



21 S. How distinguished? Where is Lambda? How known? Where are Mu, Delta, 
aod G-amma ? 

lIisTosT.-^What does Safittarius oommemorate ? Stdry of Chiron ? Wbal aojl of tb^ 
aatiqjuity of this coni^Ua^OD 
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only l»of'''imed th*(Jlgiire^ while they invented the/abU. This it knowc to bv tn>6 witfe 
respect to very many of the ancient conitellacions. llenoe the jargon of the ooaflicUiiM 
accounts which have descended to ui. 

TELESCOPIC OBJECTS. 

1. fi SAGiTTARn — A MtTLTiPLK STAR in the north end of the Archer*8 bow; R. A. ISh. 
04m. lis. ; Dec. S. 31* 05' 07' About 25* east-northeast of Antares. A S)<, pale yellowy 
D 16, blue ; C 9>$, and D 10, both reddish. 

2. <T Sagittakii — A star with a distant companion in the Archer's ri^ht shoulder; 
R. A. 18h. 45m. 20s. ; Dec. S. 26* 29' 03'. A 8, ruddy ; B 9>i, ash-colored. 

8. A very delicate triple star, between the heads of Sagittarius and Capricorn, about 
ii5* south-by-west of Altair, and 10* west of {3 Capricorn! ; K. A. 19h. 81m. 88s.; Deo. 8 
16* 89' 02'. A 5>i, yellow ; B 8, violet ; C 16, blue. Other smaU stars in the field. 

4. A LARGB AMD COARSE CLUSTKK of minute stars, close to the upper end of the bow, and 
m the Galaxy ; R. A. ISh. 08m. OSs. ; Dec. S. 21* 86' 01*. Stars of the 10th to 18th mag- 
nitudes. A rich field of no particular form. 

6. A LOOSB cluster in the Galaxy, between the Archer's head and 8obieski*s Shield; 
R. A. ISh. 22m. 14s. ; Dec. S. 19* 10' 02'. The most prominent are a pair of 8th magni> 
tude stars. It is about 5* northeast of fi Sagittarii. 

6. A FINE GLOBULAR CLUSTER between the head and bow, near the solsttcial colnre; 
R. A. ISh. 26m. 25s. ; Dec. S. 24* 01' 04*. A fine group, compressed tolrards the center, 
with several single stars in the field. Map IX., Fig. 60. 



CORONA AUSTRALIS (the southern obown).— MAP V. 

219. This is a small and nnimportant constellation near tbe 
fore-legs of Sagittarius ; and between them and the Milky-Way. 
R. A. about 18h. 44m.; Dec. S. 40°. Its four principal stars 
are of the 5th magnitude, situated near each other, and arranged 
in a gentle curve line, lying north and south. It has no Mytho- 
logical History, or Telescopic Objects worthy of notice. 



AQUILA ET ANTINOUS (the eagle and antinous).— MAP V. 

220. This double constellation is situated directly south of 
the Fox and Goose, and between Taurus Poniatowskii on the 
west, and the Dolphin on the east. It contains seventy-onA 
stars, including one of the 1st magnitude, nine of the Bd, and 
seven of the 4th. It may be readily distinguished by tbi 
position and superior brilliancy of its principal star. 

221. Altair f the principal star in the Eagle, is of the 1st, or 
between the 1st and 2d maj^nitudes. It is situated about 14® 



Tnlescopic Objects.— Mu? Sigma? What triple star? What clusters? Whki: 
shown on the map? Point it out. 

219. Describe Corona Australis. Its principal stars ? History and Telescopic Ol^leetsf 
JSO. Situation of Aquila and Antinous? Number and sise of its prinei|»il utars* 
%K1 Altair— bow known? Stars each side of it? Use of Altair in iW¥igatkNi ? WImI 
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8. W. of the Dolphin, It may be known by its being the 
largest and middle one of the three l^right stars which are 
arranged in a line bearing N. W. and S. E. The stars on each 
side of Altair are of the 3d magnitude, and distant from it about 
2°. This row of stars very much resembles that in the Guards 
of the Lesser Bear. 

Altair is one of the stars from which the moon's distance is 
taken for computing longitude at sea. Its mean declination is 
nearly 8^° N., and when on the meridian, it occupies nearly the 
same place in the heavens that the sun does at noon on the 12th 
day of April. It culminates about 6 minutes before 9 o'clock, 
on the last day of August. It rises acronically about the begin- 
ning of June. 

Ovid alludes to the rising of this consteUation ; or, more probably, to that of the prin- 
6.pal star, Altair :— 



-" Now view the skies* 



And you'll behold Jove's hook'd-bill bird arise." 

Maasey^s Fasti. 



-" Among thy splendid group 



05B dubious whetlier of the Second rank, 
Or to the First entitled ; but whose claim 
Seems to deserve the First." 

Eudosia, 

The northernmost star in the line, next above Altair, is called Tarazed. In the wing 
of the Eagle, there is another row composed of three stars, situated 4" or 5* apart, 
extending down toward the southwest ; the middle one in this line is the smallest, being 
only of the fourth magnitude; the next is of the 8d magnitude, marked IfeUa^ and 
situated 8* S. W. of Altair. 

As you proceed from Delta, there is another line of three stars of the 8d magnitude, 
between «V and 6* apart, extending southerly, but curving a little to the west, which 
mark the youth Antinous. The northern wing of the Eagle is not distinguished by any 
conspicuous stars. 

ZeUt and Epsilon^ of the 8d magnitude, situated in the tail of the Eagle, are about 2* 
apart, and 12' N. W. of Altair. The last one in the tail, marked Epsiloo, is on the same 
meridian, and culminates the same moment with Gamma, in the Harp. 

From Epsilon,.ln the tail of the Eagle, to Theta, in the wrist of Antinous, may be tracei 
a long line of stars, chiefly of the 8d magnitude, whose letter names are Theta, Eta, Mu, 
Zeta and Epsilon. The direction of this line is from S. £. to N. W., and its length is 
about 25*. 

Eta is remarkable for Its changeable appearance. Its greatest brightness continues 
but 40 hours; it then gradually diminishes for 66 hours, when its luster remains station- 
ary for 80 hours. It Uien waxes brighter and brighter, until it appears again as a star 
of the 8d magnitude. 

From these phenomena, it is inferred that it not only has spots on its surface, like our 
ton, but that it also turns on its axis. 

Similar phenomena are observable in Algol, Beta, in the Hare, Delta, in Oepadiis, and 
Cmicron, in the Whale, and many others. 



-" Aquila the next. 



Divides the ether with her ardent wing: 
Beneath the Swan nor far from Pegamt^ 
POBTic Eaolb." 



poetic quotation T Wher« are Tarassed and Delta t Zeta and Epilloaf Tbctef Bta 
ffW wbit rvmu-kable f 
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HISTORY. 

Aquila, or the Eagle, is a constellation usually joibod with Antinoos. A(|aiU III JUf • 
posed to have been Merops, a king of tlie island of Cos, in the Archipelago, and the hut- 
haud of Clymene, the mother of Phseton ; this monarch having been transformed into an 
eagle, and placed among the constellations. Some have imagined that Aquila waa $he 
fagle whose form Jupiter assumed when he carried away Ganymede; others, that it 
represents the eagle which brought nectar to Jupiter while he lay concealed in the cave a* 
Crete, to avoid the fury of his father, Saturn. Some of the ancient poets say, that tliic 
is the eagle which furnished Jupiter with weapons in his war with the giants: — 

*' The towering Eagle next doth boldly soar, 
As if the tliuuder in his claws he bore ; 
He's worthy Jove, since he, a bird, supplies 
The heaven with sacred bolts, and arms the skies.** 

McuUUus 

The eagle is justly styled the "sovereign of birds,** since he is the largebt, strongest, 
and swiftest of all the feathered tribe that live by prey. Homer calU the ea|^ ** tbt 
strong sovereign of the plumy race ;" Horace styles him — 

" The royal bird, to whom the king of heaven 
The empire of the feathered race has given :'* 

And Milton denominates the eagle the " Bird of Jove.** Its sight Is quick, strong and 
piercing, to a proverb : Job xxix., 28, kc. 

** Though strong the hawk, though practised well to fly. 
An eagle drops her in the lower sky ; 
An eagle when deserting human sight. 
She seeks the sun in her unwearied flight ; 
Did thy command her yellow pinion lift 
So high in air, and set her on the clift 
Where far above thy world she dwells alone. 
And proudly makes the strength of rocks her own ; 
Thence wide o'er nature takes her dread survey, 
And with a glance predestinates her prey ? 
She feasts her young with blued ; and huvering o*er 
The unslaughtered host, enjoys the promiseri gore.'* 

ANTINOUS. 

A: linous is a part of the constellation Aquili, and w«^ invented by Tycho BraDe 
Ani'nous was a youth of Bithyuia, in Asia Minor. So greatly was his death lamented 
by tlie emperor Adrian, that he erected a teini>le to his memory, and built In honor of 
him a splendid city, on the banks of the Nile, the ruins of which are still riaited bj 
travelers with much interest. 

TELESCOPIC OBJECTS. 

1. a Aquiub {Altair) — A bright star in the neck, with a distant companion ; E. A* 
19h. 42ra. 5Ss. ; Dec. N. S° 26' 09*. A 1^, pale yellow ; B 10, violet Unt. 

2. (i Aquiub {AUitiain) — A doublb star, also in the neck of Aquila, and the head of 
Antinous; R. A. 19h. 47m. 26s.; Dec. N. 6* 00' 07'. About 2)^* south-southeast «f 
Altair. A 8>$ , pale orange ; B 10, pale grey ; with other stars in Uie field. 

8. y Aquila (Tarazed)—k star in the back of Aquila, on a line with a and i3, vttii a 
mmute companion ; R. A. 19h. SSm. 8Ss. ; Dec. N. 10° 13' 06*. A 8, pale orange; B U 
dusl<y; other stars around. 

4. 6 Aquiljk, in the southern wing ; R. A. 19h. 17m. 25f . ; Dec. N. 2* 48' 00*. Has i 
distant companion. A 8}^, white ; B 12, livid ; other stars in the field. 

5. ^ Aquil;k, in the tail ; R. A. ISh. 5Spi. 02s. ; Dec. N. 18' 87' OS*. A 8, greenish tfait; 
U 11, livid; two other stars in the field. 

(). A neat doitblb star on the margin of the lower wing; R. A. 18h. 57m. 598. ; Dee. K. 
6* 18' OS'. A 7>«i, lucid wli ite ; B 9, cerulean blue. A fine object, not difficult to find, ai 

HiOTORT. — Different suppositions respecting? ManiliusT Horace t Milton? WiMt 
Sill J uf Antinous? 

TiLSHOOPio Objrtts.— Alpha? Beta? Gamma T Delta? Zif Other tiMiblt 
What clusters? Whieh shown on the map? What nebuhit 
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it lies 10* dne loi th of A Antinoi, a 8d magnitude star, and 18* west of /? AquHas. The 
bri«;l-cest object of its immediate neighborhood. 

7. A wiDi DOUBLi STAR aboat 4* west-by-south of X Antinoi, between the foot and 
Sobieski's Shield ; B. A. 18h. 4im. 07s. ; Dec. S. 6* 05' 08*. A 7, orange tint; B 9, ceru- 
ji»in blue. Many telescopic stars in the field. 

8. A SPLENDID cxusTBR close )o the southeast of the last described object; R. A ISh 
12m. 828. ; Dec. S. 6' 27' 02*. It is between the left foot and Sobieski^s Shield. A gor- 
geous object ** somewhat resembling a flight of wild ducks in shape," has an 8th magni- 
tude star in the middle, and two larger east of it ; probably ail three between us and 
the cluster. Map IX., Fig. 61. 

9. A L006B CLUSTER between the lower wing and the leg of Antinous, and 18* southwest 
3f Altair, on a line from Vega through e Aquil» ; R. A. 19h. 08m. 868. ; Dec. S. 1* 11' 09* 
A splashy group of stars from the 9th to the 12th magnitudes, on the easteMi margin of 
the Galaxy. 

10. A STBLLAR HBBiTLA ou the Eagle's back, about 5* west of Altair; R. A. 19h. 28m. 
&5s. ; Dec. N. 8* 54' 01*. A minute object in the Milky- Way ; and in the most powerful 
telescopes, fac-shaped. 



SAGITTA (THE ABROw.)— MAP V. 

222. Sagitta is a small bat old constellation between the 
Fox and Goose on the north, and the Eagle on the sonth. Its 
two principal stars are of the 4th magnitude, and lie nearly east 
and west, about 4° apart. The next two largest stars are of the 
5th magnitude. 

TELESCOPIC OBJECTS. 

1. e SAorrrjc— A star witlv.a distant companion about S* north-northwest of Altair, en 
a line towards Vega; R. A. 19h. 80m. 03s. ; Dec. N. 16* 06' 5'. A 6, pale white; B 8« 
light blue. 

2. ^ SAortTiB — A neat doublk star just above the Arrow, 9* south by east from /? 
Cygni, and 10* north of Altair; R. A L9h. 41m. 588.; Dec. N. 18* 44' 8'. A 5, sUvery 
white : B 9, blue. 

8. 17 SAGrrTiB — A triplb star near the head of the Arrow, about half-way from fi 
Cygni to a Delnhini ; R. A. 20h. 02m. 5ds. ; Dec. N. 20* 26' 6*. A 7, pale topaz; B 9, grey* 
C 8, pearly yellow. 

4. A RICH oomprbsskd cluster on the shaft of the arrow, 10* northeast of Altair 
R. A 19h. 46m. 868. ; Dec. N. 18* 22' 1'. Telescopic stars around it. 



ANSER ET VULPEOULA (the fox and goose).— MAP V. 

223. This is a modern constellation, situated between the 
Swan on the north, and the Arrow or the Dolphin and Eagle on 
the sontli. It is composed of some thirty stars, the largest of 
which is of the Zd magnitude. 

TELESCOPIC OBJECTS. 
1. A star vrtth a distant companion on the nose of Reynard, and neck of tho Qoooe 
8^" south of Cygni ; R. A 19h. 22m. OSs. ; Dec. N, 24* 20' 7*. 

^22. Describe Sagitta— its principal stars. 

Trukoopic Objects.— EpsilonT Zetaf AVhat triple star? duster r 

22a. D«i(f*rib« tbe Vox and Ooo** ;. Its companont stara f 
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^. A wiDB OOVBLI BTAK, U}i' north of Altair, between the Fox aud the Arrow, in thft 
eastern edge of the Galaxy; R. A. 19h. 46in. 20s.; Dec. N. 19' 65' 5*. A and B Iraih 7 
Hnd both white. 

8. A LARGBSTBAOOLiiro a.usTiB on the neck of the Goose, and about S* from fi Gyfni; R. A 
I9h. 2ora. aOs. ; Dec. N. 24' 49' 8'. Two 7th magnitude stars in the west. The elustev 
has the form of a Greek Q. 

4. The celebrated dumb-brix mbbula, on the Fox*s breast, about 7* southeast of Cy«rni, 
and nearly half-way between it and the Dolphin ; R. A. 19h. &2m. 898. ; Dec. N. 23* 17' 1*. 
(Map IX., Fig. (i2.) This magnificent and singular ol;(}ect is in a crowded vicinity, wb«re 
field alter field is Tery rich. 



CHAPTER XI. 

CONSTELLATIONS ON THE MERIDIAN IN SEFTEMBIR. 
DELPHINUS (THE DOLPHIN).— MAP V. 

224. This beautiful little cluster of stars is situated 13" or 
1 4° N. E. of the Eagle. It consists of eighteen stars, including 
four of the 3d magnitude, but none larger. It is easily distin- 
guished from all others, by means of the four principal stars in 
the head, which are so arranged as to form the figure of a dia- 
mond, pointing N. E. and S. W. To many, this cluster is 
known by the name of Job^s Coffin ; but from whom, or from 
what fancy, it first obtained this appellation, is not known. 

225. There is another star of the 3d magnitude, situated in 
the body of the Dolphin, about 3° S. W. of the Diamond, aad 
marked EpsUon, The other four are marked Alpha, Beta, 
Gamma, Delta, Between these are several smaller ntars, too 
small to be seen in presence of the moon. 

The mean declination of the Dolphin is about 15° N. It 
comes to the meridian the same moment with Deneb Cygni, and 
about 50 minutes after Altair, on the 16th of September. 

•• Thee I behold, mnjestic Cygnua^ ^ 

On the marge dancing of the heavenly sea, 
Ar ion's friend ; eighteen thy stars appear— 
One telescopic.** 

' ., ■ ■ — •— ^-™»^»««» 

l'« iVMX)Pic 0b.)rcts. — What double stars ? Cluster? Nebula f Point out on tbe mmp, 
S24. Constellations in this chapter? DelphinusT Number and siseof itartf Uov 

listijguished ? What other nan^e has this constellation? 285. Where are %ielloBi 

Alpha, Beta, Gamma and Delta f Mean declination, to. 
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mSTORT. 

The DolpUi^ according to some roytliologists, waa made a constellation bj Neptanti 
oecause one of these beautiful fishes had persuaded the gotldess Amptiitrite. who haid made 
a vow of perpetual celibacy, to become the wife of that deity; but others maintain, that 
it is the dolphin which preserved the famous lyric poet and musician Arion, who was a 
VHtive of Lesbos, an island in the Archipelago. 

He went to Italy with Ferlander, tyrant oi Corinth, where he obtained immense riches 
by his profession. Wishing to revisit his native country, the sailors of the ship in whi :h 
he embarked resolved to murder him, and get possession of his wealth. Seeing tliem 
immovable in their resolution, Arion begged permission to play a tune upon his late 
^fore he should be put to death. The melody of the instrument attracted a number of 
lolphins around the ship ; he immediately precipitated himself into the sea ; when one 
if them, it is asserted, carried him safe on his back to Twnarus, a promontory of Laco- 
nia, in Peloponnesus ; when he hastened to the court of Periander, who ordered all the 
•aiiors to be crucified at their return. 

** But (pa^t belief), a dolphin's arched back 
Preserved Arion from his destined wrack ; 
Secure he sits, and with harmonious strains 
Requites his bearer for his friendly pains." 

When the fkmoos poet Hesiod was murdered in Naupactum, a city of JCtoIia, in Greece, 
and his body thrown into the sea, some dolphins, it is said, brought back the floating 
corpse to the shore, which was immediately recognised by his friends ; and the assassins 
being afterwards discovered by the dogs of the departed bard, were put to death by 
immersion in the same sea. 

Taras, said by some to hare been the founder of Tarentum, now Tarento, in the south 
of Italy, was saved from shipwreck by a dolphin ; and the inhabitants of that city pre- 
■erred the memory of this extraordinary event on their coin. 

The natural shape of the dolphin, however, is not incurvated, so that one might ride 
upon its back, as the poets imagined, but almost straight. When it is first taken from 
the water, it exhibits a variety of exquisitely beautiful but evanescent tints of color, that 

eiflS in suceession over its body until it dies. They are an extremely swift-swimming 
h, and are capable of living a long time out of water ; in fact, they seem to delight to 
gambol, and leap out of their native element. 

** Upon the swelling waves the dolphins show 
Tlieir bending backs; then swiftly darting go. 
And in a thousand wreaths their bodies khow.** 

TELESCOPIC OBJEOTS. 

1. a DsLPHun — A bright star with a distant telescopic companion: R. A. SOh. 8Sm. 
12f. ; Dec. N. 15* 21' 01*. A 8>i, pale white ; B 18, blue. 

S. P Dblphiki — A delicate tripli stam on the Dolphin's body, IH* touth-by-west of d;, 
In a line with Qygni and y I^sb; R. A. aOh. 80m. 08s.; Dec. N. 14' 02' 06'. A 4, 
gremish tinge ; B 15, and C 12, both di^ky. 

8. 7 Dblphiki— A beautiful ooublb star in the head, 2* east of a; R. A. 20h. 89m. 
15s.: Dee. N. 15' 88' 02'. A 4, yeUow; B 7, light emerald, witii a third star about 2* 
distant. 

4. A delicate qvadruplb stab, near e in the tail ; R. A. 20h. 28m. 85s. ; Dec. N. 10* 48' 
96*. A 73$, and B S, both white; C 16, blue ; D 9, yellowish ; several other small stars 
i^ the field. Map VIII., Fig. 17. 

5. A SMkLL BRIGHT CLCSTBR, in the Dolphin's tail, 83i* south of e ; R. A. 20h. 26m. 21s. ; 
Dec. N. 6' 58' 02'. Just east of a 9th magnitude star — a coarse telescopic pair at a 
distance, and several minute stars in the field. 

6. A small PLAXBTART KBBDLA, bctwcn the pectoral fin and the arrow head, 6* north- 
nnrthwest of a, and exactly on a line towards Vega Lyrse ; R. A. 20h. 15m. 15s. ; Dec. N. 
19* 85, 16*. It is in a coarse cluster, in the center of which are foui c.rr«ap!r!'iniif sur*. 



niSTORT.— Acconnts of the origin of Delphinus? What said of HeSiodt Of Taras? 
>f the natural shape, Ac? 

TBLMOOPio*OBJaoT8.~Alpba? Beta? Gamma T What quadruple start Polnl o^f 
«i the map. Wfaatolns^rf Nebula t 



124 ASTRONOMY. 



CYGNUS (THB 8WAK).— MAP V. 

226. This remarkable constellation is situated in the Milky 
Way, directly E. of Lyra, and nearly on the same meridian with 
the Dolphin. It is represented on outspread wings, flying down 
the Milky-Way, toward the f.outhwest. 

The principal stars which mark the wings, the body and the 
bill of Cygnus, are so arranged as to form a large and regular 
Cross ; the upright piece lying along the Milky-Way from N. E. 
to S. W., while the cross piecCj representing the wings, crosses 
the other at right angles, from S. E. to N. W. 

227. Arided or Demb Cygni^ in the body of the Swan, is a 
itar of the second magnitude, 24° E. N. E. of Lyra, and 30° 
directly N. 'of the Dolphin. It is the most brilliant star in the 
constellation. It is situated at the upper end of the cross, and 
comes to the meridian at 9 o'clock on the 16th of September. 

S(t(Vr is a star of the 8<1 magnitude, 6* S. W. of Deneb, situated exactly in the trots, 
or where the upright piece intersects the cross piece, and is about 20' £. of Lyra. 

Delta^ the principal star in the west wing, or arm of the cross, is situated N. W. of 
Sad'r, at the distance of little more than 8*, and is of the 8d magnitude. Beyond Delta, 
toward the extremity of the wing, are two smaller stars about 5* apart, and inclining a 
little obliquely to the north ; the last of which reaches nearly to the first coil of Draco. 
These stars mark the west wing ; the east wing may be traced by means of stars very 
similarly situated. 

Gienah is a star of the 8d .magnitude, in the east wing, Just as far east of SadV in the 
center of the cross, as Delta is west of it. This row of three equal stars, Delta, Sad'r 
and Gienah, form the bar of the cross, and are equi-distant from each other, being about 
8' apart. Beyond Gienah on the east, at the distance of 6' or 7", there are two other 
stars of the 8d magnitude; the last of which marks the extremity of the eastern wing. 

The stars in the neck are all too small to be noticed. There is one, however, in the 
beak of the Swan, at the foot of the cross, called Albireo^ which is of the 8d magnitude, 
and can be seen very plainly. It is about 16' S. W. of SadV, and about the same dls* 
tance S. E. of Lyra, with which it makes nearly a right angle. 

'* In the small space between Sad'r and Albireo," says Dr. Herschel, ** the stars in the 
A'.ilky-Way seem to be clustering into two separate divisions ; each division containing 
more than one hundred and siaky-Jlve thotuand star/t." 

Albireo bears northerly from Altair, about 20*. Immediately south and southeast of 
Albireo, may be seen the Fox and Goosb; and about midway between Albireo and Altair, 
there may be traced a line of four or five minute stars, called the Abrow ; the head of 
which is on the S. W., and can be distinguished by means of two stars situated close 
together. 

228. According to the British catalogue, this constellation 
contains eighty-one stars, including one of the 1st or 2d magni- 
tude, six of the 3d, and twelve of the 4th. The author of tho 
following beautiful lines says there are one hundred and seven. 

"Thee, silver Swan, who, silent, can o*erpassf 
A hundred with seven radiant stars compose 
Thy graceful form : amid the lucid stream 



28G. Situation of Cygnus? How represented? Figure made byfta principal tttuti 
It/i position? 227. Which is the brightest of its stars? Describe SadV, DdU, €H«B»li| 
Albireo. Rcntark of Dr. Herschel? 22xi. Number of stars In Qygnotf VarteMl 
Sitnrs f What vro tljcy supposed to indicate ? 
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Of the Ikir Milky- Way distingula^ed : OM 

Adoras the second order, where she cats 

The waves that follow in her utmost track ; 

This never hides its fire throughout the night, 

And of the rest, the more conspicuous mark 

Her snowy pinions and refulgent neck." — EtidoHa^ b. It. 

Astronomers have discovered three variable stars in the Swan. CAi, s tuated In tbt 
ceck, between Beta and Sad'r, was first observed to vary its brightness in 1086. Its peri- 
odical changes of light are now ascertained to be completed in 405 days. Sad^r is aisc 
changeable. Its greatest luster is somewhat less than that of a stiir of the8d magnitude, 
and it gradually diminishes till it reaches that of the 6th. Its changes are far from being 
regular, and, from present observations, they do not seem to recur till after a period of 
ten years or more. 

A third variable star was discovered in the head on the 20 th of June, 1670, by Anthelme. 
It appeared then to be of the 8d magnitude, but was so far diminished in the following 
October, as to be scarcely visible. In the beginning of April, 1671, it was again seen, and 
was ratlirr brighter than at first. After several changes, it disappeared in March, 1672- 
and has not been observed since. 

These lemarkable facts seem to indicate, that there is a brilliant planetary system in 
this constellation, which, in some of its revolutions, becomes visible to us. 

HISTORY. 

M/thologists give yarlous accounts of the origin of this constellation. Some suppose 
it is Orpheus, the celebrated musician, who, on being murdered by the cruel priesteits of 
Bacchus, was changed into a Swan, and placed near his Harp in the heavens. Oth?ra 
suppose it is the swan into which Jupiter transformed himself when he deceived Lf da, 
wife of Tyndarus, king of Sparta. Some affirm that it was Cycnas, a son of Nrpf Joe, 
who was so completely invulnerable that neither the javelins nor arrows, nor even the 
blows of Achilles, in furious combat, could make any impression. 

** Headlong he leaps from off his lofty car. 
And in close fight on foot renews the war ; — 
But on his flesh nor wound nor blood is seen, 
The sword itself is blunted on the skin." 

But when Achilles saw that his darts and blows had no effect on him, he immediately 
threw him on the ground and smothered him. While he was attempting to despoil hiss 
of his armor, he was suddenly changed into a swan. 

"With eager haste he went to strip the dead; 
The vanished body from his arms whs fled. 
His sea-god sire, to immortalize his fkme, 
Had turned it to a bird that bears his name.** 

Aeeording to Ovid, this constellation took Us name from Cycnus, a relative of Phaeton, 
who deeply lamented the untimely fate of that youth, ti-zd the melancholy end o/ hia 
Asters, who, standing around his tomb, wept themselves into poplars. 

** Cycnus beheld the nymphs transformed, allied 
To their dead brother on the mortal side. 
In friendship and affection nearer bound ; 
He left the cities, and the realms he owned. 
Through pathless fields, and lonely shores to range ; 
And woods made thicker by the sisters* change : 
While here, within the dir.mal gloom alone. 
The melancholy monarch made his moan ; 
His voice was lessened as he tried to speak. 
And issued through a long-extended neck: 
His hair transforms to down, his fingers meet 
In skinny films, and shape his oary feet ; 
From both his sides the wings and feathers break: 
And from his mouth proceeds a blunted beak ; 
AU Cycnus now into a swan was turned.*' — Ovid*s MU. b. U. 



HiBTORT.— Various accounts? Story of Cycnus and Achilles ? Ovid*8 acooqnkl flu 
gil*^ romarks respectlag the Swan f 
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TirgC, iltto, . the 10th book of his Aneid, alludes to the same fublo s^ 

1 ** For Cycnos loved unhappy Pliaeton, 

And sung his loss in poplar f rores alone 
Beneath the sister shades to soothe his grief; 
lleaven heard his song, and hastened his relief 
And changed to snowy plumes his hoary hair, 
A^d wing'd his flight to sing aloft in air." 

Of all the feathered race, there is no bird, perhaps, which makes so beaatifiil an4 
najesiic an appearance as the.swan. Almost every poet of eminence has taken notieo 
uf it. The swan has, probably, in all ages, and in every country where taste and ele- 
gance have been cultivated, hewn considered as the emblem of poetical dignity, parity, 
and ease. By the ancients it was consecrated to Apollo and the Muses ; they also enter- 
tained a notion that this bird foretold its own end, and sang more tweetl/ at tho 
approach of death. 

" She, like the swan 
Expiring, dies in melody." — JBachylv*. 

** So on the silver stream, when death is nigh. 
The mournful swan sings its own elegy."^{>t7ier« TYUUa, 

TELESCOPIC OBJECTS. 

1. a CfGNi {Deneby^k. bright star on the hick of the Swan, with a telescopic com- 
panion ; K. A. 20h. 35m. 57s. ; Dec. N. 44° 42' 07'. A 1, briUiant white ; B 12 H, pale blae. 

2. /2 Cyoni (Albireo) — A brif ht double star on the bill of the figure ; R. A. 19h. 84ro. 
16s. ; Dec. N. 27' 37' 07'. About ld)«* south-southeast of Vega. A 3, topax yellow ; B 7, 
saiH>hire blue ; the colors in brilliant contrast. A flue object, and the first double star 
ever seen by the present editor. 

3. c5 Cygni — A most delicate doublk star in the middle of the left wing, 14* west of a 
Cygni; R. A. 19h. 39m. 5$s.; Dec. N. 44' 44' 06'. A 8^, pale yellow; B 9, sea green. 
Another beautiful ohject. 

4. C Oyqni — A star with a distant companion, on the tip of the right wing ; R. A. Slh. 
06m. 07s.; Dec. N. 29* 34' 05'. A 8, pale yo>low; B 10, sky blue; the field rich in 
small stars. 

5. A CvoNi — A close docblr star in 'the right or lower wing, with a distant companion : 
R. A. 20h. 4Im. Us. ; Dec. N. 35' 54' 03*. A 5, B 10, and C 6, all bluish. 

6. fJ- Cyqmi — A beautiA^l doublk star, with, a distant con panion, on the very tip of the 
right wing; R. A. 21h. Stfin. 59s.; Dec. N. 2S* 01' 04'. A 5, white; B 6, and IH, 
b<«th blue. 

7. A BINARY STAX (61 Cygni) — the most remarkable known in the heavens. It Is sittt- 
ated on the inner tip of the right wing of Cygni, 73$* south-by-east of Deneb, and nearly 
east of Vega ; R. A. 20h. 59m. 4.3s. ; Dec. N. 37* 5S' ()'. A 5)$, and B 6, both yellow, but 
the latter of the deepest tint. From the great rapidity of its proper motion, this star is 
regarded as one of the nearest to our sy:item. It afl'urds a positive instance of a double 
star which, besides the individuals revolving round each other, or about their common 
center of gru vi ty , has a progressive uniform motion towards some determinate region. It li 
sup])08ed to be not less than 412,000 times the diameter of the earth^s orbit from us; or 
88,190,000,000,000 miles distant; and to be moving through space 60,000 times as fast as 
Mercury — the swiftest body known to our system. The period of 61 Cygni as a binary 
aystem, is about 450 years. For orbit, &c., see Map VIII., Fig. 18, and 19. 

8. A fine ooublb star on the tip of the left wing, 10* northwest of a Cygni, and withbi 
1* of 6] R. A. 19h. 87m. 84s. ; Dec. N. 5u* 09' 8*. A 6H and B 7, both pale fawn color. 

9. A wiDB QUADRUPLB STAR in R rich field, on the Swan's left thigh, about 8* west by 
north of Deueb ; R. A. 20h. 08m. 36s. ; Dec. N. 46* 15' 6*. A 4, orange ; B 16, livid ; 7H, 
and D 5>$, both cerulean blue. Not the effect of contrast. 

10. A NBAT SMALL CLUSTBR in the root of the neck, about 2* south of y : R. A. SOh. ISm. 
ITs. ; Dec. N. 87* 59' 9*. A 8, yellow ; B 11, dusky. 

11. A LOGSB SPLASHY CLUSTBR in a rich vicinity, between the Swan's tall and the Liiard, 
due south of P Cephei, and easl-northeast of Deneb ; R. A. 2ih. 26m. 29s. ; Dec N. 4T* 
48' 8*. 



Tbuhoopio Objects.— Alpha? Beta? Delta? Zeta? Lambda? Mu? What 

bfated binary star? Remarks respecting? Period? Point out on the map. Wla^ 
other double star ? Quadruple? What clusters? Nebula? 
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IS. A vmr 8IHQ0L.AR MicBULA on the tip of the northern wing, about 5^* north o 
6; R. A. 19h. 40m. 85s. ; Dec. N. 50*07' 6'. Seen to be nebalous ^\y with good instrn- 
■lents. Several telescopic stars in the field. The Uerschels considered this as a coa 
necting Unlc between planetary nebula and nebulous stars. 



CAPRICORNUS (THE goat).- MAP V. 

229. This is the tenth sign, and eleventh constellation, in the 
order of the Zodiac, and is situated south of the Dolphin, and 
next east of Sagittarius. Its mean declination is 20° south, and 
its mean right ascension 310°. It is therefore on the meridian 
about the 18th of September. It is to be observed that the 
first point of tl^e sign Capricorn, not the constellation^ marks the 
southern tropic, or winter solstice. The sun, therefore, arrives 
at this point of its orbit the 21st of December, but does not 
reach the constellation Capricorn until the 16th of January. 

The sun, having now attained its utmost declination south, after remaining a few daji 
apparently stationary, begins once more to retrace its progress northwardly, akffordingto 
the wintry latitudes of the north a grateful presage of returning spring. 

At the period of the winter solstice, the sun is vertical to the tropic of Capricorn, and 
the southern hemisphere erjoys the same light and he."t which the northern hemisphere 
enjoys on the 21st of June, when the sun is vertical to the tropic of Cancer. It is, at 
this period, mid-day at the south pole, and midnight at the north pole. 

230. The whole number of stars in this constellation is fifty- 
one ; none of which are very conspicuous. The three largest 
are only of the 3d magnitude. There is an equal number of 
the 4th. 

The head of Capricorn may be recognized by means of two 
stars of the 3d magnitude, situated a little more than 2° apart, 
called Giedi and Dahih. They are 28° from the Dolphin, in a 
southerly direction. 

Oiedi is the most northern star of the two, and is double. If a line be drawn from 
Lyra through Altair, and produced about 23' farther, it will point out the head of Capri- 
corn. These two stars come to the meridian the 9th of September, a few minutes after 
8ad*r, in Cygnus. A few other stars of inferior note may be traced out by reference to 
the maps. 

The sign of the Goat was called by the ancient orientalists the *' Southern gate cf the 
Bun,** as Cancer was denominated the " Northern gate." Tlie ten stars in the Ugn 
Oarricorn, known to the ancients by the name of the " Tower of Gad," are probably now 
in rhe constellation Aquarius. 

flISTORY. 

Caprieomus is said to be Pan, or Bacchus, who, with some other deities, were feasting 
near the banks of the Nile, when suddenly the dreadful giant Tyi hon came upon them, 
and compelled them all to assume a different shape, in order to escape his fury. Ovid 
relates, 

** How Typhon, from the conquerM skies, pursued 
Their routed godheads to the seven-mouthM flood : 

289. Position of Caprieomus? When does the sun enter it? What said of hit plaeo 
and motion at that time? Of the winter solstice? 230. Number of stars in Capri* 
8orn? Their magnitudes? How recognise the figure ? What said of Giedi? Anctrat 
name of this sign ? 



128 ASTRONOMY. 

Forced every god (his Airy to escape), 

Some beastly form to take, or earthly sha^*- 

Jove (sings the bard) was changed into a ram. 

From whence the horns of Libyan Anjiion caine$ 

Baocftua a goat ; Apollo was a crow ; 

Phiebe a cat; the wife of Jove a cow, 

Whose hue was whiter than the falling snow ; 

Mercury to a nasty ibis turned — 

While Venus from a fish protection craves. 

And once more plunges in her native waves.*' 

On this occasion it is further related that Bacchus, or Pan, led the way attd plunged 
into the Nile, and that the part of his body which was under the water assumed the form 
of a fish, and the other part that of a goat ; and that to preserve the memory of this 
frolic, Jupiter made him into a constellation, in his metamorphosed shape. 

Some say that this constellation was the goat.Amalthea, who supported the infan 
Jupiter with her milk. To reward her kindness, the father of the goda placed her amon^ 
the constellations, and gave one of her horns to the nymphs who had taken care of him 
in his infantile years. This gift was ever after called the tiom ofpleiUy; as it possessed 
the virtue of imparting to the holder whatever she desired. On this account the Latin 
term Cornucopia^ denotes plenty, or abundance of good things. The word Amalthea, 
when used figuratively, has also the same meaning. 

The real nense of this fable, divested of poetical embellishment, appears to be this | 
that in Crete, some say in Libya, there was a small territory shaped very much like r. 
bullock's horn, and exceedingly fertile, which the king presented to his daughter Anuil- 
•.bea, whom the poets feigned to have been Jupiter*s nurse. 

*■'- The bounteous Pan," as he is styled by Milton, was the god of rural scenery, shep- 
herds, and huntsmen. Virgil thus addresses him : — 

** And thou, the shepherd's tutelary god. 
Leave, for a while, Pan I thy loved abode.** 

The name of Pan is derived from a Greek word signifying aU tJdng% ; and he was often 
ronsidered as the great principle of vegetable and animal life. He resided chiefly in 
Arcadia, in woods and the most rugged mountains. As Pan usually terrified the inhabi- 
ants of the adjacent country, even when he was nowhere to be seen, that kind of fear 
which often seises men, and which is only ideal or imaginary, has received ftrom him the 
name of Panic. 

Pales, the female deity corresponding to Pan, was the goddess of sheepfoldt and of 
f tastures among the Romans. Thus Virgil : — 

** Now, sacred Pales, in a lofty strain 
1 sing the rural honors of thy reigu ' 

The shepherds offered to this goddess milk and honey, to gain her protection orer their 
locks. She is represented as an old woman, and was worshiped with great solenmi^ 
at Rome. Her festivals, which were called PulUia^ were celeLrated on the 20th of Aprl^ 
fhe day on which Romulus laid the foundations of the city. 

TELESCOPIC OBJECTS. 

1. a Capbicorni — A QunmrPLB star in the right horn \ R. A. 20h. 09m. lOa ; Dec. S. 18* 
02' 1'. A 8, pale yellow ; B (or a 1) 4, yellow ; C 16, blue ; D 9, ash-colored; E 9ii, lilao 
tinge. Few telescopes will reveal all these components. 

2. /? Capricorni—A wide pair op stars in the right horn, 2Ji* sonth-half-east of a; 
R. A. 20h. 12m. Ols. ; Dec. S. 15' 16' 9'. A 3H, orange yellow; B 7, sky blue. OtheP 
•mall stars in the field. It requires, a powerful instrument, and the most favorable cir- 
omnstances to detect the minute star 5. (See Map VI 11., Fig. 20.) 

8. A GLOBULAR CLDSTBR between Aquarius and the neck of Capricorn, 9* dne east of 
a Capricorni, about H' from a 6th magnitude star; R. A. 20h. 44m. 89s.; Dec. S. 18* Or 
i'. Many stars in the field, two of which are close to the cluster, or the east. Map DL, 
Fig. 63. 

HiSTORT.— Who was Capricornus ? What proof cited ? What farther f What olhef 
/nyth r Meaning of this fable f What said of Pales? 

Tklksoopso Objbcts.— Alpha? Beta? Point out on the map ? What clusters? When 
ikkst^n on the map ? 
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4. A Aoe PALit WBITK CLOsTut, ftbout SO* west-northtrest of FomaDi lat ; B. A. 21!^ 
^m. Ite. ; Dec. S.'28* 52' 4'* A bright objectf with straggling streams of stars, ami but 
few outlier* in the field. Seen with small instruments. Map IX., Fig. 64. 



CHAPTER Xir. 

C0N3TKLLAT10NS OX THE MERIDlAX IX OCTOBER. 

PEGASUS (the fltixg horsk).— MAP II. 

231. This constellation is represented in an inverted posture, 
with wings. It occupies a large space in the heavens, between 
the Swan, the Dolphin and the Eagle, on the west, and the Nor- 
thern Fish and Andromeda, on the east. Its mean right ascen- 
sion is 340^, or it is situated 20° W. of the prime meridian. It 
extends from the equinoctial N. 35°. Its mean length E. and 
W. is about 40°, and it is six weeks in passing our meridian, 
viz., from the 1st of October to the 10th of November. 

232. We see but a part of Pegasus, the rest of the animal 
being, as the poets imagined, hid in the clouds. It is readily 
distinguished from all other constellations by means of four 
remarkable stars, about 15° apart, forming the figure of a square 
called the Square of Pegasus. 

The two western stars in this square come to the meridian about the 28d of October, 
and are 18" apart. The northern one, which is the brightest of three triangular stars 
in the martingale, is of the 2d magnitude, and is called Schent. Its declination i8 26li*. 
Markaby also, of the 2d magnitude, situated in the head of the wing, is 13* S. of Scheat, 
and passes the meridian 11 minutes after it. 

The two stars whicii form the eastern side of the square, come to the meridian about 
an hour after those in the western. The northern one has already been described as 
Alpheraiz in the head of Andromeda, but it also belongs to this constellation, and is 14* 
E. Scheat. 14* 8. of Alpherats, is Algenibt the last star in tbe wingjsituated 16H° E. of 
Harkab. 

233. Algenib in Pegasus, Alpheratz in Andromeda, and Capk 
in Cassiopeia are situated on the prime meridian^ and point out 
its direction' through the pole. For this reason they are some- 
times called the three guides. They form an arc of that great 
circle in the heavens from which the distances of all the heavenly 
bodies are measured. 

■ — - .11 Mill II ■ riiMi.Mi ---II ■ — --^^^ I - m^m^^^m "" 

28t. What constellations in this chapter ? Describe Pegasus, Its slse, position, ito. 
Si82. Do we see the whole of the figure ? How is it distinguished ? What said of Scheat 
and Markab? Of Alpheratz and Algenibf 288. Remark respecting Algenib, Alphr* 
rata and Caphf What sometimes called, and why? They form what? Bemiifli8 
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It l9 an arc of the equinoctial :olure which pHi«es throngb the remal equinox, and 
which the sun cnisses ulniut the 2 1 at of March. It is, in astronomy, what the meriJIaa 
of (i^ret^nwich \» in geoi^aphy. If ihe sun, or a planet, or a star, be said to hare so nuiny 
degrees of right ascension, it means that the sun or planet has ascended so many degiees 
from this prime meruiiHn. 

£nif^ sometim«!s cahed Enir, is a star of the 8d magnitude in the nose of Pegasus, 
About 20* W. 8. W. of Murkab, and half-way between it and the Dolphin. About half of 
the distance Trom Markab toward finif, but a little to the S., there is a star of the 8d mag* 
nitude situated iti the neck, whose letter name is ZeUi. The loose cluster directly &. bt 
the line joining i!lnif and Zeta, forms the head of Pegasus. 

In this constellation tliere are eiglity-nine stars visible to the naked eye, of whinh \Lt^ 
are of the second magnitude and three of the third. 

HISTORY. 

This, according to fable, is the celebrated horse which sprung from the blood of Medusa, 
after Perseus had cut off her head. He received his name according to Hesiod, from hii 
being born near the sources {nnyij^ Pege) of the ocean. According to Ovid, he fixed his 
residence on Mount Helicon, where, by striking the earth with his foot, he rai8<Hl the 
fabled fountain called Hippocrene. He became the favorite of Mie Btuses; and being 
tamed by Neptune or Minerva, he was given to Bclleropbon, son of CHancus, kmg of 
K|)liyre, to aid him in conquering the Chimeera, a hideous monster that continually vom- 
ited flames. This monster had three heads, that of a lion, a goat, and a dragon The 
fure parts of its body were those of a lion, the middle those of a goat, and the hin ler 
those uf the dragon. It lived in Lycia, of which the top, on account of its desolate wil- 
derness, was the resort of lions, the middle, which was fruitfiil, was covered with goats, 
and at the bottom, the marshy ground abounded with serpents. Bellerophon was the 
first who made his habitation upon it. 

Plutarch thinks the Chimsera was the captain of some pirate who adorned their ship 
with the images of a lion, a goat, and a dragon. 

After the destruction of this monster, Bellerophon attempted to fly up to heaven upoD 
Pegasus; but Jupiter was so displeased at this presumption, that he sent an insect to 
sting the horse, which occasioned the melancholy fall of his rider. Bellerophon fell to 
the earth, and Pegasus continued his flight up to heaven, and was placed by Jupiter 
among the constellations. 

** Now heav'n his further wand'ring flight confines. 
Where, splendid with his num'rous stars, he shines.** 

TELESCOPIC OBJECTS. 

1. a Pboasi {Markahy—k star with a distant companion, at the junction of the wing 
and shoulder, 13" south of Scheat ; R. A. 22h. 56m. 47s. ; Dec. N. 14' *iO' 08'. A 2, white ; 
B 11, pale grey. 

2. ii Pbuasi {Scheafy^k bright star with a minute distant companion, on the left for» 
leg; R. A. 22h. 56m. Uls. ; Dec. N. 27' 18' 0'. A 2, deep yellow ; B 15, blae; with two 
oUier stars in the field. 

8. y Peoasi {Alyeiiih) — A star with a distant companion, on the edge of the wing; 
R. A. Oh. 06m. Os. ; Dec. N. 14' 17' 07*. A 2k, yellow ; B 18, pale blue. 

4. e Peqasi {Enif) — A star with two distant companions, in the nose of the figure; 
R. A. 21h. 86n». 19s. ; Dec. N. 9' 08' 07'. A 2J<, yellow; B 14, blue; C 9, violet; and a 
9th magnitude star of a violtt tinge, at a distance east. 

5. ^ Pkqasi — A star with a minute companion in the middle of the neck; R. A. t2h. 8otii> 
S9s. ; Dec. N. 9' 59' 9'. A line from Alpherats over Mftrkab, and carried 7* forther, wUI 
reach C- AS, light yellow; B 18, dusky; with other stars in the field. 

6. A DOUBLE star between the head of Pegasus and the hind legs of the Fox ; or «liool 
10)$' south by east of C Cygni ; U. A. 21h. 14m. 4l8. ; Deo. N. 19* 07' 4'. A 4, pale orange, 
and considered variable ; B 9, purplish. 



respecUng the prime meridian ? What said of Enif ? Of Zeta f Of the heud of P«guaa 
Number of stars in the constellation, and their magnitudes f 

HiSTORT.— -Story of his origin and name ? Residence, Ac. ? How he came amonK the 
•tars? 

TRLfe.AGOPic Objrcts.— Alpha ? Beta? Gamma? Epsilo*jf Zeta? What doobte ■Uli^ 
What cluster? Puint out on tlie map. What nebula? 



AQUARIUS. l|)i 

r. A GLOBOLAB CLOBTiB between the mouths of Pegasus and Equltus, about 4' north- 
vest of f ; R. A. 21h. 220. 18s. ; Dec. N. 11* 27' 4'. Map IX., Fig. 65. It is laid down as 
s nebula on Map II., but with a good instrument it is resolved into stars, with atraggiing 
outliers, as shown in the diagram. 

d. An Bi/):ioATBO KiBDLA in the animars mane, about 8* due south of Marlcab ; R. A. 
nh. Mm. 588. ; Dec. N. 11* 27' 9*. A very faint and iifficult object. 



EQULEUS, YEL EQUI SECTIO (the little horse, or the 

horse's head). — MAP II. 

234. This Asterism, or small cluster of stars, is situated about 
7° W. of Enif, in the bead of Pegasus, and about half-way 
between it and the Dolphin. It is on the meridian at 8 o'clock, 
on the 11th of October. It contains ten stars, of which the 
four principal are only of the 4th magnitude. These may be 
readily distinguished by means of the long irregular square 
which they form. The two in the nose are much nearer together 
than the two in the eyes : the former being 1° apart, and tlic 
latter 2^°. Those in the nose are uppermost, being 4° N. of 
those in the eyes. This figure also is in an inverted position. 
Tnese four stars are situated 10° or 12° S. E. of the diamond 
in the Dolphin's head. Both of these clusters are noticeable on 
account of their figure rather than their brilliancy. 

HISTORY. 

This constellatlbn is supposed to be the brother of Pegasus, named CHerU, giren by Mer- 
eurj to Castor, who was so celebrated for his slcill in the management of horses ; othe*^ 
tslce him to be the celebrated horse which Neptune strucic out of the earth with his tri- 
dent, when he disputed with Minerva for superiority. The head only of Celeris is 
TisiUe, and this, also, is represented in an inverted position. 

TELESCOPIC OBJECTS. 

Four of the principal stars in this little group are double — namely, 0, S^ t and X. /? 
is rather a star with a companion ; R. A. 21h. 14m. 578. ; Dec. N. o* Or 9*. The other 
three will easily be found from their proximity to 8. 



AQUARIUS (the water-bearer). — MAP II. 

235. This constellation is represented by the figure of a 
man pouring out water from an urn. It is situated in the Zodiac, 
immediately S. of the equinoctial, and bounded by the Little 

2ft4. Situation of Eqaieua f When on the meridian f Number of stars, and hov dlfr 
Unguished ? ^Vhat further description ? 
HiSTORT.-^Whai suppositions respecting the origin of EqtUcnsf 
TiDJUCGPic OttJBCTS. — Whnt double star« ? How found f 
liow is Aquarius reprefiented ? Its boundaries ? 

6* 
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Ucrse, Pegasus, and the Western Fish on the N., the Whale 0!i 
the E., the Southern Fish on the S. and the Goat on the W. 

236. Aquarius is now the 12th in order, or last of the 
Zodiacal constellations ; and is the name of the llth sign in the 
ecliptic. Its mean declination is 14° S., and its mean right 
ascension 335°, or 22 hours, 20 min. ; it being 1 hour and 40 
min. W. of the equinoctial colure ; its center is, therefore, on 
the meridian the 15th of October. 

It contains one hundred and eight stars ; of which the four 
largest are all of the 3d magnitude. 

" His head, his shoulders, and his lacid breast. 
Glisten with stars ; and where his urn inclines, 
Rivers of light brighten the watery track." 

23T. The northeastern limit of Aquarius may be readily dis- 
tinguished by means of four stars of the 4th magnitude, in the 
hand and handle of the urn, so placed as to form the letter Y, 
very plainly to be seen, 15° S. E. of Enif, or 18° S. S. W. of 
Markab, in Pegasus ; making with the two latter nearly a right 
angle. 

About 4}i* W. of the figure is El Meliky a star of the 8d magnitude, in the E. shoulder, 
and the principal one in this constellation. 10" S. W. of EI Melik, is a«fOther star of the 
same magnitude, situated in the W. shoulder, called Sad es Sfiud. 

Ancha^ of the 4th magnitude, is in the right side, 8* S. of El Melik. 9* E. of Ancha, is 
another star of the 4th magnitude, whose letter name is Lanibda. 

ScheaU of the 8d magnitude, lying below the knee, is situated 8^* S. of Lambda; and 
14" S. of Scheat, the brilliant star Fomalhaut, of between the 1st and 2d magnitudes, ter- 
minates the cascade in the mouth of the Southern Fish. This star is common to both 
these constellations, and is one of those from which the lunar distance is computed for 
ascertaining the longitude at sea. It culminates at 9 o*clock on the 22d of October. 

Fomalhaut, Deneh Kaitos, and Alpha in the head of the Phoenix, make a large triangle, 
whose vertex is in Deneb Kaitos. Those two stars of the fourth magnitude, situated 4* 
8. of Sad es Saud, and nearly the same distance from Ancha, are in the tail of Oapricoro. 
They are about 2* apart. The western one is called Dend) Alffedi. 

The rest of the stars in the cascade are quite small; they maybe traced from the 
letter Y, in the urn, in a southeasterly direction toward the tail of Cetus, from which the 
cascade suddenly bends off near Scheat, in an opposite course, and finally disappears in 
the mouth of the Southern Fish, 80* S. of Y. 

HISTORY. 

This constellation is the famous Ganymede, a beautiful youth of Phrygia, son of Tros, 
king of Troy, or, according to Lucian, son of Dardanus. He was taken up to heaven by 
Jupiter as he was tending bis father's flocks on Mount Ida, and became the cup-bearer 
of the gods in place of Hebe. There are v&rious opinions, however, among the ancientt 
respecting its origin. Some suppose it represents Deucalion, who was placed among th« 
•tars after the celebrated deluge of Thessaly, 1500 years before the birth of our Saviour ; 
while others think it designed to commemorate Cecrops, who came from Egypt to (}r«ece, 
f>unded Athens, established science, and introduced the arts of polished life. 

The ancient Egyptians supposed the setting nr diSHppearance of Aquarius caused the 
Nile to rise, by the sinking of his urn in the water. In the Zodiac of the Hebrews, 
Aquarius represents the tribe of Reuben. 

ts order in the signs and constellations? Number and sise of its stars? 287. Hpw 
Jistinguish the northeast limit? What said of El Melik? Of Sad es Sand? Of Anoba, 
Lambda, Scheat, Ac. 

Hr9T0RT. — Story of Ganjm^'de, and Jupiter? What other myth? Idea of the Igjp 
Ulna ? Hebrew Zodiac ? 
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TELESCOHC OBJECTS. 

1. a Av^'ABii (Phard)—A. star with a minute coropanion on the Watet •bearer*^ left 
dboalder; U A. 21h. 57m. 88s. ; Dec. S. 1' 05' u7'. A 8, pale yellow; B 18, grey; and 
•another star in the field on a line with A and B. Markab is on a line joining Alpherats 
(ind Phard, and about half way between them. 

2. Aquakii (3ad-al~9neUk) — A star with a companion on the right shoulder; R. A. 
Slh. 28m. 078. ; Dec. N. 6* 16' 04'. A 8, pale yellow ; B 15, blue. A very delicate object. 

8. y Aqdarii — A delicate but wide nonsLS star, on the water 'pot; R. A. 22h. 13m. 
3!38. ; Dec. S. 2* 11' 05'. A 4, greenish tinge ; B 14, purple. It is about 4' east-by-south 
Trom 8ad*alrmelik. 

4. C Aquarii — A BiHART 9TAK in the left wrist, about 6" east from Sadalmelik; R. A. 
22h. 'lOm. 85s. ; Dec. S. 0* 50' 02'. A 4, very white ; B4H, white. 

f*. t' Aquaro — A fine doublb star in the left leg, one third of the way from Fomalhaut 
to ^ Pegasi ; R. A. 22h. 89m. 18s. ; Dec. S. 14° 53' 09\ A 6, white ; B 9>$, pale garnet. 

6. V' Aquarii — A DOUBLB STAR in the stream, being the first of three similar stars 
marked t^i, t^v, ^ ; R. A. 23h. 07m. 80s. ; Dec. S. 9° 57' 05'. A 5>j, orange tint ; B 9, sky 
blue. It it> about one-third of the way from Fomalhaut to a Andromedse. Sere; al other 
beautiful double stars east of Scheat, in the stream, as shown on the map. 

T. A nirs globular cluster near the neck of Aquarius, about 5" north-half-east from 
B\ R. A. 21h. 28m. 07s.; Dec. S. 6* 16' 04'. A cluster of exceedingly small stars, which 
has been likened to ** a heap of fine sand." Several telescop'c outliers in the field. Map 
7ni., Fig. 66. 

8. A PLANETART KEBULA in the middle of the scarf; R. A. 20h. 55m. 27s. ; Dec. S. 11 ' 
B' 08'. About 12* east of a Capricorni, where a line from the Eagle's tail over Anti> 
loi, and as far again, reaches it. It is bright to its very disc, and but for its pale b'uo 
int, would be a very miniature of Venus. 



PISCES AUSTRALIS (the sotjthern fish).— MAP 11. 

238. This constellation is directly S. of Aquarius, and is 
represented as a fish drinking the water which Aquarius pours 
from his urn. Its mean declination is 31° S. and its mean right 
ascension and time of passing the meridian are the same as those 
of Aquarius, and it is seen on the meridian at the same time, 
viz. on the 15th of October. It contains 24 visible stars, of 
which one is of the 1st magnitude, or between the 1st and 2d, two 
are of the 3d, and five of the 4th. The first and most beautiful 
of all is Fomalhaut f situated in the mouth. This is 14° directly 
S. of Scheat in Aquarius, and may be seen passing the meridian 
low down in the southern hemisphere, on the 22d and 23d of 
October. Its position in the heavens has been determined with 
the greatest possible accuracy, to enable navigators to find their 
longitude at sea. 

The mode of doing this cannot be explained here. The proolem is one of some dlflficulty. 
It consists in finding the angular distance betnreen some star whose position is well known, 

Tmjcscopio Objects. — Alpha? Beta? Gamma? Zeta? Tau? Psi? What civ ftteri, 
and where shown on the map ? What nebula ? 

28d. Situation of Pisces Australis ? How represented ? When on the meridian ? Num- 
ber of stars ? Magnitude ? The principal star ? How situated ? What use made of Uf 
What said of the method of finding the longitude by the moon and stars? 
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and fhe moon when she is passing near it; also, the altitude of each, at the same instant 
with good sextants. These data furnish the elements of a spherical triangle, the 9olutic« 
of which, after various intricate corrections, is made to result in the longitude of the given 
place.— See note to Arietea. in 1714, the British Pariiament offered a reward of 10,noO 
pounds sterling, to any roan who should discover a method of determining the lonsitnde 
within 1*, or 0<i geographical miles of the truth ; 15,000 pounds to the man who Sbocil 
find it within 40 miles, and 20,000 pounds, if found within 80 miles. These rewards in part, 
have been since distributed among eminent maUtematicUuifl, in Europe, agreeably to the 
renpectlve merits of their discoveries. 

HISTORY. 

This constellation is supposed to have taken its name flrom the translbrmatlbn of Yenos 
mto the shape of a fish, when she fled, terrified at the horrible advances of the mooater 
Typhon, as we have related in the mythology of the fishes. — (See Piteea.) 

TELESCOPIC OBJECTS. 

a PiscKS AusTKALn — ^A first mi^cnltude star with a very distant companion. In the eye 
nf the ftFh ; R. A. 2ah. 48m. 48s. ; Dec S. 80* 38' 08'. A 1, reddish ; B 93tf , dusky blue. 



LACERTA (the lizabd).— MAP II. 

239. This is a small and obscure modern constellation, between 
the tail of Cygnos and the head of Andromeda. It has one star 
of the 4th magnitude, eight of the 5th, and a fewmnch smaller. 

240. Between Lacerta and Andromeda a singular- looking 
figure appears on the map, called Gloria Frederica; or Frederics 
Glory. It was inserted among the constellations by Bode, in 
1781, as a compliment to Frederic II., of Prussia. It consists 
of a crown, a laurel, a sword, and B, pen, to represent the mon- 
arch, the hero, the sage, and the pacificator. But the constel- 
lation was not recognized by astronomers, and, as such, has 
already passed from the heavens. 

TELESCOPIC OBJECTS. 

1 . A neat dottbli min on the tip of the Lisard's tail ; R. A. 22h. 11m. 568. ; Dee. M. 
86* 58' 01'. A 6H, pale white ; B 9, livid. 

2. A delicate but wide double star on the shoulder ; R. A. 22h. 14ra. 258.; Dec. N. 40* 
48' 09'. A 5, pale yellow; B 13, orange tint. A line from Pularis carried by the east of 
Cepheus tiara, and 11* further, will find it the lucida of a fine galaxy field. 

8. A WIDE DOUBLE STAR near the epd of the tail, the southern star of three forminf a 
neat triangle ; R. A. 22h. 82m. 053. ; Dec. N. 88* 13' 2*. A 6^, white ; B 10, violet. 

4. A DELICATE TRIPLE STAR In the space between the Lizard's back and the left hand of 
Andromeda; R. A. 22h. 49m. 06s.: Dec. N. 40*45' 1'. A 6, bright white; B. 15,pal« 
blue; C 9>j, reddish ; a fourth star at a distance. A very diflicult ol^ect; claimed by 
some for Andromeda, but usually classed as belonging to the Lizard. 

HI9T0RV.— Supposed origin of this constellation f 

Telescopic Objects. — Alpha ? Where situated ? 

289. Describe Lacerta. Where situated f 240. What other small constellation near I 
By whom inserted, when and why? Of what does it consist? To represent what? Is II 
recognised by astronomers ? 

Tblbscx'Pio Objects.— What double stars In Lacerta? What triple star? Qoadrupl*' 
Cluster? Any of them shown on the map? 
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« 

0. A QDADRUPLB STAB, the westem one of the three forming the triangle at the end of 
the Uf I ; R. A. 22h. 89ra. 468. ; Dec. N. 88' 48' 5'. About 2U* northwest of Alpherats. A 
and JB 63<, both white ; 11, groenish ; D 10, blue. 

6w A LABOB LOOSB OLUSTKR in th? Licard*s mouth ; R. A. »*h. 08m. G9s. ; Dec. N. 49* Oft 
I'. Stars from the 9th to the I4th magnitudes. A line carried from Polaris through tli' 
tiara <tf Cepheus, and 8* bejond, strikes it. 



CHAPTER XIII. 



VARIABLE AND DOUBLE STARS— CLUSTERS AND 

NEBULA. 

211. The periodical variations of brilliancy to which some of 
the fixed stars are subject, may be reckoned among the most 
remarkable of their phenomena. Several stars, formerly distin- 
guished by their splendor, have entirely disappeared ; others are 
now conspicuous which do not seem to have been visible to the 
ancient observers ; and there are some which alternately appear 
and disappear, or, at least, of which the light undergoes great 
periodic "changes. Some seem to become gradually more 
obscure, as Ddta in the Great Bear ; others, like Beia in the 
Whale, to be increasing in brilliancy. 

242. Some stars have all at once blazed forth with great splen- 
dor, and, after a gradual diminution of their light, again become 
extinct. The roost remarkable instance of this kind is that of 
the star which appeared in 1672, in the time of Tycho Brahe. 
It suddenly shone forth in the constellation Cassiopeia, with a 
splendor exceeding that of stars of the first magnitude, even of 
Jupiter and of Yenus, at their least distances from the earth ; 
and could be seen with the naked eye, on the meridian, in full 
day I Its brilliancy gradually diminished from the time of its 
first appearance, and at the end of sixteen months it entirely 
disappeared, and has never been seen since. (See a more par- 
ticular accov/ni of this phenomenon^ page 35.J 

Another instance of the same Icind was observed in 1604, when a star of the first mag- 
nitude suddenly appeared in the right foot of Ophiuchus. It presented, like the former, 
\\\ the phenomena of a prodigious flame, being, at first, of a dazzling white, then of a 
/eddish yellow, and, lastly, of a leaden paleness ; in which its light expired. These 
jkstances proTe that the stars are suhlect to great physical rcToIutions. {Page qO) 

243. A great number of stars have been observed whose Wff'Ai 
seems to undergo a regular periodic increase and diminution. 

. S41. What said of the periodical yarlations of the stars ? 843. What other remarka-. 
i»Ie phf nom«nonf What instances cited? What do thec^ instances prore ? >243. Wbaf 
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They are properly called Variable Stars, One in the Whale has 
a period of 344 days '*.ad is remarkable for the magnitude of its 
variations. From oeing a star of the second magnitude, it 
becomes so dim as to be seen with diflBculty through powerful 
telescopes. Some are remarkable for the shortness of the period 
of their variation. Algol has a period of between two and three 
ilays ; Ddta C&phei, of 6^ days ; Beta Lyrce, of 6 2-5 days ; 
and Mu Antinoiy of 7 days. 

The regular succession of these variations precludes the suppositloit of nn actual 
destruction of the stars ; neither can the variations be supposed to arise ftom a change 
of distance ; for, as the stars invariably retain their apparent places, it would be neces- 
sary to suppose that they approach to, and recede from the earth in straight Une9, 
irliich is vei7 improbable. The most probable supposition is, that the stars revolve, like 
the sun and planets, about an axis. **Such a motion," sayj the elder Herschel, "may 
be as evidently proved, as the diurnal motion of the earth. Dark spots, or lai^ por- 
tions of the surface, less luminous than the rest, turned alternately in certain directions, 
either toward or from us, will account for all the phenomena of periodical changes in the 
uster of thf) stars, so satisfactorily, that we certainly need not look for any other cause.'* 

DOUBLE STARS. 

244. On examining the stars with telescopes of considerable 
power, many of them are found to be composed of two or more 
stars, placed contiguous to each other, or of which the distance 
subtends a very minute angle. This appearance is, probably, in 
many cases, owing solely to the optical effect of their position 
relative to the spectator ; for it is evident that two stars will 
appear contiguous if they are placed nearly in the same line of 
vision, although their real distance may be immeasurably great 

STARS OPTICALLY DOUBLE. 

Apparent position. True position. 

* 

f ""='"""• ♦ ^ 

^ B 

Here the observer on the left sees a large and small star at A, apparently near togi*- 
tber — the lowest star being much the smallest. But instead of their being situated af 
tney appear to be, with respect to each other, the true position of the smidler star may 
be at B instead of A ; and the difference in their apparent magnitudes may be whoUy 
owing to the greater distance of the lower star. 

Upon this subject Dr. Uerschel remarks, that this nearness of the stars to each other. 
In certain cases, might be attributed to some accidental cause, did it occur only in a feir 
instances ; but the frequency of this companionship, the extreme closeness, and, in 
many cases, the near equality of the stars so coi^oined, would alone lead to a stroi^ 
ncspicion of a more near and intimate relation than mere casual Juxtaposition. 

245. There are, however, many instances in which the angle 
of position of the two stars varies in such a manner as to indi- 

arc these unsteady stars called ? What specimens referred to, and their periods? What 
does this regular succession, Ac, prov?? What theory did Dr. Herschel adopt respeet* 
mg the variable sUrs f 244. What said of double stars ? Are they always really tma 
mcb other? Illustrate on blackboard. Remark of Dr. Herschel? S45. Are ttM9 
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cate a revolution about each other and about a common urdtr. 
In this case they are said to form a Biimry system performing to 
each other the oflBce of sun and planet, and are connected 
together by laws of gravitation like those which prevail in the 
«olar system. 

The recent obserratlons of Sir John Herschel and Sir James South, hare establisheU th^ 
anth of this singular fact beyond a doubt. Motions have been detected, so rapid as to 
afoome measurable within very short periods of time; and at certain epochs, the satellite 
or feebler star has been observed to disappear, either passing behind or before the primary, 
or approaching so near to it that its light has been absorbed by tliat of the other. 

246. The most remarkable instance of a regular revolution of 
this sort, is that of Mizar, in the tail of the Great Bear ; in 
which the angular motion is 6 degrees and 24 minutes of a great 
circle, annually ; so that the two stars complete a revolution 
about one another in the space of 58^ years. About eleven 
twelfths of a complete circuit have been already described since 
its discovery in 1781, the same year in which the planet Herschel 
was discovered. 

A double star in Ophiuchus presents a similar phenomenon, and 
the satellite has a motion in its orbit still more rapid. Castor 
in the Twins, Gamiaa Virginisj Zeta in the Crab, Zi Bootis, 
Delta Serpentis, and that remarkable double star 61 Cygni, 
together with several others, amounting to 40 in number, exhi- 
bit the same evidence of a revolution about each other and about 
a common center. ( For a more particular description of these 
stars, see Telescopic Objects and the Map.) 

But it is to be remembered that these are not the revolutions of bodies of a planetary 
nature around a solar center, but of sun around sun — each, perhaps, accompanied by its 
train of planets, and their satellites, closely shrouded from our view by the splendor of 
their respective suns, and crowded into a space bearing hardly a greater proportion to 
the enormous interval which separates th&m^ than the distances of the satellites of our 
planets from their primaries bear to their distances from the sun itself. 

247. The examination of double stars was first undertaken by 
the late Sir William Herschel, with a view to the question of 
parallax. His attention was, however, soon arrested by the 
new and unexpected phenomena which these bodies presented. 

Sir William observed of them, in all, 2400. Sir James South and Herschel have given » 
catalogue of 880 in the Transactions of the Royal Society for 1824, and South added 45S 
in 1826. Sir John Herschel, In addition to the above, published an account of IQOO, before 
he left England for the Cape of Oood Hope, where he went to push his discoveries in the 
■outhem hemisphere. Professor Struve, with t)te great Dorpat telescope, has given h 
catalogue of 8,968 of the most remarkable of these stars. 

Tlie otgect of these catalogues is not merely to fix the place of the star within such limits 
us will enable us easily to discover it at any future time, but also to record a description 



*ver really near each other? What motion? What do these constitute? Is it certain 
^at starb are ever thus in motion around a common center ? 246. What remarkable 
jittance cited? Its annual angular motion? Period? What other binary systems f 
Are these planetary systems like our own ? 247. Who first undertook the examiuatiou 
9rV)« double stars, and with what view ? What number did he obrrrve? Yfh&'i cattv- 
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of the appearance, position, and mutual distances of tlie individual stars componnK tiK 
system, in order that subsequent obseryers may have tlie means of detecting their con* 
nected motions, or any changes which they may exhibit. Professor Struv j has also taicoo 
notice of 52 triple stars, among which No. 11 of the UhiconL, Zeta of Cancer, And Zi of 
the BtJance, appe^p tc be tenmry sytite*n^ in motion. Quadruple and quintuple start 
have liicewise been observed, which also apftear to revolve about a common center of 
gravitf ; in short, every region of the heavens furnishes examples of these carious i^* 
nometa. 

COLOR OF THE STARS. 

248. Many of the double stars exhibit the curious and bean* 
tiful phenomenon of contrasted colors^ or complimentary tints. In 
such instances, the larger star is usually of a ruddy or orango 
hue, while the smaller one appears blue or green, probably in 
virtue of that general law of optics, which provides that when 
the retina is under the influence of excitement by any bright 
colored light, feebler lights, which, seen alone, would produce no 
sensation but that of whiteness, shall for the time appear 
colored with the tint complimentary to that of the brighter. 

Thus, a yellow color predominating in the light of the brighter star, that of the leflf 
brigh: one, in the same field of view, will appear blue; while, if the tint of the brighter 
star verge to crimson, that of the otiier will exhibit a tendency to green— or even appear 
a vivid green. The former contrast is beautifully exhibited by lota^ in Cancer; the latter 
by Aunaack^ in Andromeda — both fine double stars. If, however, the colored star be 
much the lesd bright of the two, it will not materially alTect the other. Thus, for inatance, 
Eta CassiopeisB exhibits the beautiful combination of a large white star, and a nnall one 
of a rich ruddy purple. 

249. It is not easy to conceive what variety of illumination 
two suns — a red and a green, or a yellow and a blue one — must 
afford to a planet revolving about either ; and what charming 
contrasts and grateful vicissitudes — a red and a green day, for 
instance, alternating with a white one and with darkness — might 
arise from the presence or absence of one or the other, or both, 
above the horizon. 

Insulated stars of a red color, almost as deep as that of blood, occur In many parte ef 
the heavens, but no green or blue star (of any decided hue) has, we believe, ever Imm 
noticed, unassociated with a companion brighter than Itself. 



CLUSTERS OF STARS. 

250. When we cast our eyes over the concave surface of the 
heavens in a clear night, we do not fail to observe that there are, 
heri! and there, groups of stars which seem to be compressed 
together more densely than those in the neighboring parts; 
forming bright patches or clusters. 

dOguesf Tlieir object? What triple stars? Ternary sjrsteras ? Quadruple stare, A< f 
H3. What said of the colors of the stars? What law of optics referred to? IVbat ilki«* 
•rations ? 24to. What remarks respecting red and green suns, Ac. ? Of insidated atari 
ef a red color f 204^. Wi^at said of clusters t What specimen referred to 1 Pldadee' 
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: The Pleiades are an instance of this kind, in whi6h six or 
9even stars may be seen in near proximity, by the naked eye , 
-and even more if the eye be turned carelessly upon it; for it is a 
remarkable fact that the center of the eye is far less sensible to 
feeble impressions of light, than the exterior portion of the retina. 
Rheita affirms that by the aid of a telescope he counted over 200 
stars in this small cluster. See Map VIII., Fig. 28. 

In the constellation called CoTna Berenices there is another group 
more diffused, and consisting of much larger stars. In Cancer 
there is a nebulous cluster of very minute stars, called Prasepe, 
6r the Beehive, which is sufficiently luminous to be seen by the 
naked eye, in the absence of the moon, and which any ordinary 
spyglass will resolve into separate stars. In the sword-handle 
of Perseus, also, is another such spot, crowded with stars. It 
requires, however, rather a better telescope to resolve it into 
individual stars. See p. 65, and Map VIII., Fig. 39. 

Whatever be the tature of these clufters, it is certain that other laws of aggregation 
prevail in them, than those which have determined the scattering of stars over the gene- 
ral surface of the sky. Many of them, indeed, are of an exactly round figure, and con- 
Tcj the idea of a globular space filled full of stars, and constituting, in itself, a family or 
society apart, and 8ubj<%ct only to its own internal laws. 

** It would be a vain task," says the younger Ilerschel, " to attempt to count the stars 
in one of tiiese globular clusters. They are not to be reckoned by hundreds ; for it would 
appear that many clus^rs of this description must contain, at least, ten or twenty thou- 
find stars, compacted and wedged together in a round space, not more than a tenth part 
aa la.'«e as that which is covert by the moon. 



NEBULAE. 

251. The NebulcBf so called from their dim, cloudy appearance, 
form another class of objects which furnish matter for curious 
speculation and conjecture respecting the formation and struc- 
ture of the sidereal heavens. When examined with a telescop€ 
of moderate powers, the greater part of the nebulaB are dis- 
tinctly perceived to be composed of little stars, imperceptible to 
the naked eye, bocause, on account of their apparent proximity, 
the rays of light proceeding from each are blended together, in 
8uch a manner as to produce only a confused luminous appear- 
ance. 

la other nebulss, however, no individual stars can be perceived, even through the best 
telescopes; and the nebulae exhibit only the appearance of a selMuminous phosphores- 
cent patch of gaseous vapor, though it is possible that even in this case, the appearance 
may be owing to a congeries of stars so minute, or so distant, as not to aflbrd, singly, 
sufficient light to make an impression on the eye. 

Remarks upon their nature and the laws that govern them? Remarks of Herschelf 
251. What are nebulcB^ and why so called 7 How appear tbxough telescopes? Are thuy 
an resolvable into stars f 
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252. One of the most remarkable nebulse is in the sword 
handle of Orion. It is formed of little flock j masses, like wispa 
of cloudy which seem to adhere to many small stars at its out- 
skirts. It is not very unlike the mottling of the sun*s disc, but 
of a coarser grain, and with darker intervals. These wisps of 
light, however, present no appearance of being composed of 
small stars ; but in the intervals between them, we fancy that 
we see stars, or that, could we strain our sight a little more, we 
should see them. These intervals may be compared to openings 
in the firmament, through which, as through a window, we seem 
to get a glimpse of other heavens, and brighter regions, beyond* 
See page 45, and Map VIII., Fig. 32. 

253. Another very remarkable nebula is that in the girdle of 
Andromeda, which, on account of its being visible to the naked 
eye, has been known since the earliest ages of astronomy. It is 
often mistaken for a comet, by those unacquainted with the 
heavens. See page 20, and Map VIII., Fig. 22. 

Marias, who noticed it in 1612, describes its appearance as that of a candle ihinlng 
through horn ; and the resemblance is certainly very striking. Its form is a long oval, 
increasing, by insensible gradations of brightness, from the circumference to a central 
point, which, though very much brighter than the rest, is not a star, but only a nebula in 
a high state of condensation. It occupies an area comparatively large— equal to that 
of the moon in quadrature. This nebula may be considered as a type, on a large scale, 
of a very numerous class of nebulae, of a round or oval figure, increasing more or !•» in 
density toward the center. 

254. Annular nebula are those in the form of a ring^ but are 
among the rarest objects in the heavens. The most conspicaoos 
of this class is to be found exactly half-way between the stars 
Beia and Gamma Lyrse, and may be seen with a telescope o' 
moderate power. It is small, and particularly well defined j 
appearhig like a flat oval ring. The central opening is not 
entirely dark, but is filled with a faint, hazy light, uniformly 
spread over it, like a fine gauze stretched over a hoop. 

255. PlanMary nebul^z are very extraordinary objects. They 
have, as their name imports, the appearance of planets, with 
round or slightly oval discs, somewhat mottled, but approaching, 
in some instances, to the vividness of actual planets. Some of 
them, upon the supposition that they are equally distant from us 
with the stars, must be of enormous magnitude. That one, for 
iTjBtance, which is situated in the left hand of Aquarius, most 

£52. What remarkable nebula mentioned? Describe it? Point out on the ■■pk 
S58. What other? How long known, and why? Show on the map. How deaeribed kf 
Marius? Its form and extent? How considered? 254. What bx^ Amimtar S^tuimt 
i»re they common? What specimen referred to? 255. Planetary nebolssf TbHr 
.iharacter and magaitii4e ? Specimen ? Stellar nebalsB ? General remaiict reqpMCBtp 
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hare a rolame vast enough, upon the lowest compntation, to fill 
the whole orbit of Herschel ! 

In some instances a nebula presents the appearance of a faint, 
1 ominous atmosphere, of a circular form, and of large extent, 
enrrounding a central star of considerable brilliancy. These are 
denominated Stellar Nebulce. 

The nebulae ftimish an inexhaustible field of speculation and conjecture. That by far 
the larger number of them consists of 'stars, there can be little doubt; and in the inter* 
minable range of system upon system, and firmament upon flrmaroent, which we thus 
catch a glimpse of, the imagination is bewildered and lost. Sir William Uerschel con* 
jectured that the nebulie might form the material out of which nature elaborated new 
suns and systems, or replenished the wasted light of older ones. But the little we know 
of the physical constitution of these sidereal masses, is altoirether insufficient to warrant 
Bach a conclusion. (For a Spiral Nebula recently discovered by Lord Rosse, see Map IX. 
Fig. 68.) 



CHAPTER XIY. 
VIA LAOTEA (the milkt-wat). 

" Throughout the Galaxy*s extended line, 
Unnumber'd orbs in gay confusion shine : 
Where every star that gilds the gloom of night 
With the faint tremblings of a distant light. 
Perhaps illumes some system of its own. 
With the strong influence of a radiant sua." — Mrn, CarUr, 

256. The Via Lagtea, or Milky-Way, is that luminous zone 
or pathway of singular whiteness, var3dng from 4° to 20° in 
width, which passes quite around the heavens. The Greeks 
called it Galaxy, on account of its color and appearance : the 
Latins, for the same reason, called it Via Lactea, which, in our 
tongue, is Milky-Way. 

Of all the objects which the heavens exhibit to our view, this fills the mind with the 
most indescribable grandeur and amazement. When we consider what unnumbered 
millions of mighty suns compose this stupendous girdle, whose distance is so vast that 
the strongest telescope can hardly separate their mingled twilight into distinct species. 
And that the most contiguous of any two of them may be as far asunder as our sun is 
from them, we fall as far short of adequate language to express our ideas of such immen- 
uity, as we do of instruments to measure its boundaries. 

257. It is one of the achievements of astronomy that haa 
resolved the Milky-Way into an infinite number of small stars, 
whose confused and feeble luster occasions that peculiar white- 
ness which we see in a clear evening, when the moon is absent. 
It is also a recent and well-accredited doctrine of astronomy. 

Che Nebalasf SlrWm. Henchel's coi^ecturef 256. Wl)at is the Via Lactea? Itf 
Greek name? What said o/ its magnificence and grandeur? 257. What suid of the 
achievements of astronomy V Its doctrine respecting the 8tructui«e of the univerjj' 
Of tbe sun, and its ration io the fixed stars ? 
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that all the stars in the universe are arranged into clusters, «. 
groups, which are called Nebula or Starry Systems, each of 
which consists of myriads of stars. 

The fixed star which we call o0r Spn, belongs, ft is said, to that eztensfye nebula, tlM 
Blilky-Way; and although apparently at such an inmeasurable distance from its fellowi 
is, doubtless, as near to any one of them, as they are to one another. 

258. Of the number and economy of the stars which compose 
this group, we have very little exact knowledge. Dr. Herschel 
informs us that, with his best glasses, he 8a\y^ and counted 588 
stars in a single spot, without moving his telescope ; and as the 
gradual motion of the earth carried these out of view and intro- 
duced others successively in their places, while he kept his tele 
scope steadily fixed to one point, " there passed over his field 
of vision, in the space of one quarter of an hour, no lest than 
one hundred and sicteen thousand stars^ and at another time, in 
forty-one minutes, no less than two hundred and fifty-eight thour 
sand" 

In f Jl parts of the Milky- Way he found the stars unequally dispersed, and appearing 
to arrange themselves into separate clusters. In the small space for example, between 
Beta and Sad'r, in Cygni, the stars seem to be clustering in two divisions ; each division 
ronta ning upwards of one hundred and sixty-five thousand stars. At other observations, 
when examining a section of the Milky-Way, not apparently more than a yard in breadth, 
and six in length, he discovered ^fty tkau^and stars, large enough to be distinctly 
eountid ; and he suspected twice as many more, which, for want of sufficient light in hit 
telescope, he saw oniy now and then. 

2r)9. It appears from numerous observations, that various 
changes are taking place among the nebulae— that several nebu- 
lae are formed by the disolution of larger ones, and that many 
nebulae of this kind are at present detaching themselves from 
the Milky-Way. In that part of it which is in the body of 
Scorpio, there is a large opening, about 4° broad, almost desti 
tute of stars. These changes seem to indicate that mighty 
movements and vast operations are continually going on in the 
distant regions of the universe, upon a scale of magnitude and 
grandeur which baffles the human understanding. 

More than two thousand five hundred nebulas have already been observed ; and, If 
each 3t them contains as many stars as the Milky- Way, several hundreds of millions ^f 
stars must exist, even within that portion of the heavens which lies open to our ob«a^ 
vation. 

** what a confluence of ethereal fires. 
From urns unnumler'd down the steep of heaven 
Streams to a point, and centers on my sight." 

260. Although the Milky-Way is more or less visible at all 
seasons of the year, yet it is seen to the best advantage during 

MB. Number and economy of the stars f Dr. HerschePs statements t What nomber 
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•tbe months of July, August, September, and October. When 
Lyra is on, or near the meridian, it may be seen stretching 
obliquely ovei^the heavens from northeast to southwest, gi'adu 
ally moving over the firmament in common with other constel- 
lations. (For views of our cluster, see Map IX., Figs. 69, 70, 11.) 

Its form, trreadth and appearance are Tarious, indifferent parts of its course. In some 
places it is dense and luminous ; in others, it is scattered and faint. Its breadth is often 
nnt more tiian five degrees ; thouj'h sometimes it is ten or fifteen degrees, and eren 
fcirenty. In some places it assumes a "double path, but Ibr the most part it is single 

It may be traced in the heairens, beginning near the head of Cepheus, about 80* from 
the north pole, through the constellations Cassiopeia, Perseus, Auriga, and part of Orion 
rtnd the feet of Gemini, where it crosses the Zodiac ; thence over the equinoctial into 
the southern hemisphere, through Monoceros, and the middle of the ship Argo, where it 
is roost luminous, Charles' Oak, the Cross, the feet of the Centaur, and the Altar. Here 
it is divided into two branches, as it passes over the Zodiac again into the northern hem« 
isphere. One branch runs through the tail of Scorpio, the bow of Sagittarius, the shield 
of Sobieski, the feet of Antinous, Aquila, Delphinuis, the Arrow and the Swan. Th*: other 
branch passes through the upper part of the tail of Scorpio, the side of Serpentarius, 
Taurus Poniatowskii, the Ooose and the neck of the Swan, where it again unites with tho 
other branch, and passes on to the head of Cepheus, the place of its beginning. 

Some of the pagan philosophers maintained that the Milky- Way was formerly the 8un*8 
path, and that its present luminous appearance is the track which its scattered beams 
left risible in the heavens. 

The ancient poets, a»d even philosophers, speak of the Galaxy, or Milky- Way, as the 
path which their deities used in the heavens, and which led directly to the Uirone of 
Jupiter. Thus, Ovid, in his Metamorphoses, Book i. : — 

** A way there is in heaven's extended plain. 
Which, when the skies are clear, is seen below. 
And mortals, hy the name of Milky, know; 
The groundwork is of stars, through which ih9 road 
Lies open to the Thunderer's abode." 

Hilton alludes to this in the following lines : — 

** A broad and ample road, whose dust is gold. 
And pavement, stars, as stars to thee appear, 
Seen in the Galaxy, that Milky- Way, 
Which nightly ab a circling cone, thou seest 
Powdered with stars.** 



CHAPTER XT. 

ORIGm OF THE CONSTELLATION. 

261. The science of astronomy was cultivated by the immo- 
ilia to descendants of Adam. Josephus informs us that the sons 
of Seth employed themselves in the study of astronomy ; and 
that they wrote their observations upon two pillars, one of brick 
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ani the other of stone,* in order to preserve them against the 
destruction which Adam had foretold should come upon the earth. 

He also relates, that Abraham argued the unity and poirer of GkM, from the orderly 
course of things both at sea and land, in their times and seasons, and from his obserra- 
tions upon the motions and Infiaences of the sun, moon and stars ; and that he read lee- 
tares in astronomy and arithmetic to the Egyptians, of which they understood nothing 
till Abraham brought these sciences fromChaldea to Egypt; from whence they passed to 
the Greelcs. 

262. Berosus also observes that Abraham was a great and just 
man, and famous for his celestial observations ; the making of 
which was thought to be so necessary to the human welfare, that 
he assigns it as the principal reason of the Almighty's prolong- 
ing the life of man. 

This ancient historian tells us, in his account of the longevity of the antediluvUna, 
that Providence found it necessary to prolong man's day?, in order to promote the study 
and advancement of virtue, and the improvement of geometry and astronomy, which 
required, at least, six hundred years for making and perfecting obserTationa.t 

263. When Alexander took Babylon, Calisthenes found thai 
the most ancient observations existing on record in that city, 
were made by the Chaldeans about 1903 years before that period, 
which carries us back to the time of the dispersion of mankind 
by the confusion of tongues. It was 1500 years after this that 
the Babylonians sent to Hezekiah, to inquire about the shadow'tt 
going back on the dial of Ahaz. 

It is, therefore, very probable that the Chaldeans and Egyptians were the original 
inventors of astronomy; but at what period of the world they marked out the heavens 
into constellations, remains in uncertainty. La Place fixes the date thirteen or fourteen 
tiundred years before the Christian era, since it was about this period that Eudoxoscon* 
structed the first celestial sphere upon which the constellations were delineated. Sir 
Isaac Newton was of opinion, that all the old constellations related to the Argonautio 
expedition, and that they were invented to commemorate the heroes and events of tha^ 
memorable enterprise. It should be remarked, however, that while none of the ancient 
constellations refer to transactions of a later date, yet we have various accoonta of them 
of a much higher antiquity than that event. 

264. Some of the most learned antiquarians of Europe have 
searched every page of heathen mythology, and ransacked all 
the legends of poetry and fable for the purpose of rescuing this 
subject from that impermeable mist which rests upon it, and 
they have only been able to assure us, in general terms, that 
they are Chaldean or Egyptian hieroglyphics, intended to per- 
petuate, by means of an imperishable record, the memory of the 
times in which their inventors lived, their religion and manners. 

* JosephuB affirms, that ^he saw himself that of stone to remain in Syria In his ov>- 
lime." 
t Vince's Complete System of Astronomy, Vol. 11. p. 244. 
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their achievements in the arts, and whatever in thel.* history was 
•uost worthy of being commemorated. There was, at least, a 
moral grandeur in this idea ; for an event thus registered, a 
custom thus canonized, or thus enrolled among the stars, must 
needs survive all other traditions of men, and stand forth in per- 
petual characters to the end of time. 

265. In arrai^ing the constellations of the Zodiac, for instance, 
it would be natural for them, we may imagine, to represent 
those stars which rose with the sun in the spring of the year, by 
such animals as the shepherds held in the greatest esteem at that 
beason ; accordingly, we find Aries, Taurus, and Gemini, as the 
symbols of March, April, and May. 

266. When the sun enters the sign Cancer, at the summer 
solstice, he discontinues his progress towards the north pole, and 
begins to return towards the south pole. This retrograde mo- 
tion was fitly represented by a Crab, which is said to go back- 
ward. The sun enters this sign about the 22d of June. 

The heat which usually follows in the next month was repru- 
sented by the Lion ; an animal remarkable for its fierceness, 
and which at this season was frequently impelled by thirst to 
leave the sandy desert, and make its appearance on the banks 
of the Nile. 

261. The sun entered the sixth sign about the time t)f harvest, 
which season was therefore represented by a Virgin, or female 
reaper, with an ear of corn in her hand. 

At the autumnal equinox, when the sun enters Libra, the 
days and nights are equal all over the world, and seem to 
observe an equilibrium or balance. The sign was therefore 
represented under the symbol of a pair of Scales. 

268. Autumn, which produces fruit in great abundance, brings, 
with it a variety of diseases, and on this account was represented 
by that venomous animal, the Scorpion, which, as he recedes, 
wounds with a sting in his tail. The fall of the leaf, was the 
season for hunting, and the stars which mark the sun's path at 
this time were represented by a huntsman, or archer, with his 
arrows and weapons of destruction. 

The Goat, which delights in climbing and ascending some 
mountain or precipice, is the emblem of the winter solstice, when 
the sun begins to ascend from the southern tropic, and gradually 
to increase in height for the ensuing half year. 
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269 Aquarius, or the Water Bearer, is represented by tlit 
Qgure of a man pouring out water from an urn, an emblem of 
the dreary and uncomfortable season of winter. 

The last of the zodiacal constellations was Pisces, or a couple 
of fishes, tied back to back, representing the fishing season. 
The severity of winter is over ; the flocks do not afford suste- 
nance, but the seas and rivers are open and abound with fish. 

** Thud monstrous forms, o'er heaven's nocturnal arch. 
Seen by the sage, in pomp celestial march ; 
See Aries there his glittering bow unfold, ^ 

And raging Taurus toss his horns of gold ; 
With bended bow the sullen Archer lowers. 
And there Aquarius comes with all his showers ; 
Lions and Centaurs, Gorgons, Hydras rise, 
And gods and heroes blase along the skies." 

Whatever may have led to the adoption of these rude names at flrit, fhtj are now 
retained to avoid confusion. 

The early Greeks, however, displaced many of the Chaldean constellations, and sub- 
stituted such images in their place as had a more special reference to their oirn history. 
The Romans also pursued the same course with regard to the^r history; and hencs the 
uotitradictory accounts that have descended to later times. 

270. Some, moreover, with a desire to divest the science of 
the stars of its pagan jargon and profanity, have been induced 
to alter both the names and figures of the constellations. In 
doing this, they have committed the opposite fault ; that of 
blending them with things sacred. 

The " venerable Bede," for example, instead of the profane 
names and figures of the twelve constellations of the Zodiac, 
substituted those of the twelve aposlUs. Julius Schillerius, fol- 
lowing his example, completed the reformation in 162T, by giv- 
ing Scripture names to all the constellations in the heavens. 

Weigelius, too, a celebrated professor of mathematics in the University of Jena, made 
a new order of constellations, by converting the firmament into a c<elvu hkealdicum. In 
which he introduced the arms of all the princes of Europe. But astronomers, generaUyi 
never approved of these innovations ; and for ourselves, we bad as lief the e&gea and 
heroes of antiquity should continue to enjoy their fianced honors in the sky, ag to 8e» 
their places supi>Iied by the princes of Europe. 

271. The number of the old constellations, including those of 
the Zodiac, was only forty-eight. As men advanced in the 
knowledge of the stars, they discovered many, but chiefly in 
southern latitudes, which were not embraced in the old constel- 
lations, and hence arose that mixture of ancient and moderi 
uanies which we meet with in modern catalogues. 

272. Astronomers divide the heavens into three parts, called 
the Northern and Southern Hemispheres, and the Zodiac. In the 
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northern hemisphere, astronomers nsnally reckon thirty- four con- 
stellations, in the Zodiac twelve, and in the sonthern hemisp^here 
fortj-seven ; making in all ninety-three. Besides these, thew 
are a few of inferior note, recently formed, which are not con- 
sidered sufficiently important to be particularly described. 

273. About the year 1603, John Bayer, a native of Germany, 
invented the convenient system of denoting the stars in each 
constellation by the letters of the Greek alphabet, a{^lyiBg to 
the largest star the first letter of the alphabet ; to the next 
largest the second letter, and so on to the last Where thero 
are more stars in the constellation than there are Greek letters, 
the remainder are denoted by the letters of the Roman alphabet, 
and sometimes by figures. 

By this system of notation, it is now as easy to refer to any particular star in the 
heavens, as to any particular house in a populous cUy, by its street and number. Before 
this practice was adopted, it was customary to denote the stars by referring them to 
their respective aittiatiana in tfie figure of the constellation to which they severally 
belonged, as the head, the arm, the foot, Ac. 

It is hardly necessary to remark that these figures, which are all very curiously depicted 
upon artificial globes and maps, are purely a fanciful invention — answering many con- 
venient ends, however, for purposes of reference and classification, as they enable us to 
designate with facility any particular star, or cluster of stars ; though these clusters 
very rarely, if ever, represent the real flares of the objects whose names they bear. 
And yet it is somewhat remarkable that the name of ^* Qreat Bear," for instance, should 
have been given to the very same constellation by a nation of Amorican aborigines (the 
Iroquois), and by the most ancient Arabs of Asia, when there never had been any com- 
munication between them I Among other nations, also, between whom there exists no 
evidence of any intercourse, we find the Zodiac divided into the same number of constel- 
lations, and these distinguished by nearly the same names, rei.resenting the twelve 
months, or seasons of the year. 

274. The constellations, or the uncouth figures by which they 
are represented, are a faithful picture of the ruder stages of 
civilization. They ascend to times of which no other record 
exists ; and are destined to remain when all others shall be lost. 
Fragments of history, curious dates and documents relating to 
chronology, geography and languages, are here preserved in 
imperishable characters. 

The adventures of the gods, and the inventions of men, the exploits of heroes, and 
the fancies of poets, are here spread out in the heavens, and perpetually celebrated before 
all nations. The Seven stars, and Orion, present themselves to as, as they appeared to 
Amos and Homer: as they appeared to Job, more than 8000 years ago, when the 
Almighty demanded of him — '* Knowest thou the ordinances of heaven f Canst thou 
bind the sweet infinences of the Plei adbs, or loose the bands of Orion f Canst thou 
bring forth Mazkaroth in his season, or canst thou guide Arcturus with his eons?" 
Here, too, are consecrated the lyre of Orpheus and the ship of the Argonauts ; and, in 
the same firmament, glitter the Mariner's Compass and the Telescope of Uerschel. 
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CHAPTER XVL 
NUMBER, DISTANCE AND ECONOMY \jB THE STARS. 

275. The first conjecture in relation to the distance of the 
fixed stars is, that thej are all placed at an equal distance from 
the observer, upon the visible surface of an immense concave 
vault, which rests upon the circular boundary of the world, and 
which we call the Firmament. We can, with the unassisted eye, 
form no estimate of their respective distances ; nor has the tele- 
scope yet enabled us to arrive at any exact results on this sub- 
ject, although it has revealed to us many millions of stars that 
are as far removed beyond those which are barely visible to the 
naked eye, as these are from us. 

Viewed through the telescope, the heavens become quite another spectacle— not only 
to the understanding but to the senses. New worlds burst upon the sig^t, and old one? 
expand to a thousand times their former dimensions. Several of those little stars which 
but feebly twinkle on the unassisted eye, become immense globes, with land and water, 
mountains and valleys, encompassed by atmospheres, enlightened by moons, and diver* 
iified by day and night, summer and winter. 

Beyond these are other suns, giving light and life to other systems, not a thousand, or 
two thousand merely, but multiplied without end, and ranged all around us, at immense 
distances from each other, attended by ten thousand times ten thousand worlds, ail in 
rapid motion ; yet calm, regular and harmonious — all space seems to be illuminai^, and 
every particle of light a world. 

276. It has been computed that one hundred millions of stars 
which cannot be discerned by the naked eye, are now yisible 
through the telescope. And yet all this vast assemblage of sona 
and worlds may bear no greater proportion to what lies beyond 
the utmost boundaries of human vision, than a drop of water to 
the ocean ; and, if stricken out of being, would be no more 
missed, to an eye that could take in the universe, than the fall 
of a single leaf from the forest. 

We should therefore learn, says Dr. Chalmers, not to look on our earth as the nnirerss 
of (}od, but as a single, insignificant atom of it ; that it is only one of the many mansioDS 
which the Supreme Being has created for the accommodation of his worshipers ; and 
that he may now be at work in regions more distant than geometry ever measured, creat* 
ir.gwonls more manifold than numbers ever reckoned, displaying his goodness, and 
spreading over all the intimate visitations of his care. 

277. The immense distance at which the nearest stars are 
known to be placed, proves that they are bodies of a prodigious 
size, not inferior to our sun, and that they shine, not by reflected 
rays, but by their own native light. It is therefore concluded, 
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with good reason, that every fixed star is a sun, no less spacious 
than ours, surrounded by a retinue of planetary worlds, which 
revolve around it as a center, and derive from it light and heat, 
and the agreeable vicissitudes of day and night. 

These vast globes of light, then, could never have been designed merely to diversify 
the voids of infinite space, nor to shed a few glimmering rays on our far distant world, 
for the amusement of a few astronomers, who, but for the most powerful telescopes, had 
never seen the ten thousandth part of them. We may therefore rationally conclude, tha: 
wherever the All-wise Creator has exerted his creative power, there also he has placed 
intelligent beings to adore his goodness. 

278. The greatest possible ingenuity and pains have been 
taken by astronomers to determine, at least, the approximate 
distance of the nearest fixed stars. If they have hitherto been 
unable to arrive at any satisfactory result, they have, at least, 
established a limit beyond which the stars must necessarily be 
placed. If they have failed to calculate their true distances 
from the earth, it is because they have not the requisite data. 
The solution of the problem, if they had the data, would not be 
more difficult than to compute the relative distances of the 
planets — a thing which any schoolboy can do. 

In estimating so great a distance as the nearest fixed star, It is necessary that we 
employ the longest measure which astronomy can use. Accordingly, we take the whole 
diameter of the earth^s orbit, which, in round numbers, is 190 millions of miles, and 
endeavor, by a simple process in mathematics, to ascertain how many measures of this 
length are contained in the mighty interval which separates us from the stars. 

The method of doing this can be explained to the apprehension of the pupil, if he does 
not shrink from the illustration, through an idle fear that it is beyond his capacity. 

For example ; suppose that, with an instrument constructed for the purpose, we should 
this night take the precise bearing or angular direction fcpm us of some star in the 
northern hemisphere, and note it down with the most perfect exactness, and, having 
waited Just six months, when the earth shall have arrived at the opposite point of its 
orbit, 190 millions of miles east of the place which we now occupy, we should then repeat 
our observation upon the same star, and see how much it had changed its position by 
our traveling so great a distance one side of it Now, it is evident, that if it changes its 
apparent position at all, the q%ui/niUy of the change will bear some proportion to the 
distance gone over; that is, tha nearer the star, the greater the angle; and the more 
remote the star, the lesa the angle. It is to be observed, that the angle thus four'l, \p 
called the star's AimmmI ParaUam, 

279. But it is found by the most eminent astronomers of the 
age, and the most perfect instruments ever made, that the paral- 
lax of the nearest stars does net exceed the/ow-r thawsandlh part 
of a dsgreBf or a single second ; so that, if the whole great orbit 
of the earth were lighted up into a globe of fire 600 millions of 
miles in circumference, it would be seen by the nearest star only 
as a twinkling atom ; and to an observer placed at this distance, 
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our aun, with its whole retinue of planetary worlds, would octtipy 
a space scarcely exceeding the thickness of a spider's web.* 

If the nearest of the fixed stars are placed at such Inconceivable distances in tho 
regions of space, with what line shall we measure the distance of those which are a ttioa- 
sand or a million of times as much farther from tlieiUf as these are from as f 

280. If the annual parallax of a star were accurately known, 
it would be easy to compute its distance by the following rule : 

As the sine of the star's parallax : 
Is to radius, or ninety degrees : : 
So is the earth's distance from the sun : 
To the star's distance from the sun. 

If we allow the annual parallax of the nearest star to be l'\ 
the calculation will be, 

As 0.0000048481368=Nat. Sine of 1''. 

Is to 1.0000000000000=Nat. Sine of 90^. 

So is 91,431,0'72=Earth's distance from the sun 

To 18,859,011,981,469=Star's distance from the sun. 

In this calculation we have supposed the earth to be placed at the mean distanee of 
83,112 of its own semi-diameters, or 91,4^1,072 miles from the sun, which makes the 
star's distance nearly twenty trillions of miles. The parallax of Sirius being ^\ its 
distance must be 6^ times this amount, or more than liK> inilllofis of niiUiotm ofmilu. 

The old determination of the sun's parallax (8''5776), which made the sun's mean dis« 
tance about 95 millions of miles, made the distance of a star haying the parallax of V* 
very nearly 20 trillions of miles (19,651,627,683,449), or 800,000 millions of miles farther 
off than the present determination. A parallax of V^ is equivalent to a distance of aboot 
806,300 times the mean distance of the sun. 

The following table contains the names of the twelve stars the parallaxes of which 
have been approximately ascertained : 



Xante, 


Parallax. 


UTame, 


ParallasD. 


Ifame, 


ParaUam, 


a Centauri 

61 Cygni 

21258 Lalande 

17415 Oeltzen 


(/'.9187 
0".663S 
0".2709 
0".247 


1830 Groombridge 

TO Ophiuchi 

a Lyrte 

Sirius 


0".226 
O'Md 
0'M65 
CMSO 


i UrsflB M^jor. 

Arotarua 

Polaris 

Capella 


(K'.ISS 
0''.12T 
0^.067 
^'.046 



* A just idea of the import of this term, will impart a force and sublimity to an expres- 
tion of St. James, which no power of words could improve. It is said, chapter i. verse 
17, of Him from whom cometh down every good and perfect gift, that there is ** ovk evt 
Kaf}aXkayr} ij rpoiriji airooKiaafiaV Literally, there is ^'■neiUi.ar paraUam nor 
shfidow of change:" As if the apostle had said — Peradventure, that in traveling millloni 
and millions of miles through the regions of immensity, there may be a sensible parallax 
to some of the fixed stars ; yet, as to the Father of Lights, view him from whatever point 
of his empire we may, he is without parallax or shadow of change ! 
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281. The most brilliant stars, till recently, were supposed to 
6e situated nearest the earth, but later observations prove that 
this opinion is not well founded, since some of the smaller stars 
appear to have not only a greater annual parallax, but an 
a bsolute motion in space, much greater than those of the bright- 
est class. 

282. It has been computed that the light of Sirius, although 
twenty thousand million times less than that of our suu, is uever- 
tlieless three hundred and twenty-four times greater than that of 
a star of the 6th magnitude. If we suppose the two stars to 
be really of the same size, it is easy to show that the star of the 
sixth magnitude is fifty-seven and one-third times farther from U3 
than Sirius is, because light diminishes as the square of the dis- 
tance of the luminous body increases. 

By the same reasoning it may be shown, that if Sirius were jdaced where the sun is, t 
would appear to us to be four times as large as the sun, and give four times as much Ijyglit 
and heat. It is by no means unreasonable to suppose, that many of the fixed starb 
exceed a million of miles in diameter. 

283. We may pretty safely afSrm, then, that stars of the sixth 
magnitude arc not less than seven hundred millions of millions 
of miles distant from us ; or a million of times farther from 
us than the planet Saturn when it approaches nearest to the earth. 
But the human mind in its present state can no more appreciate 
such distances than it can infinity ; for Lf our earth, which moves 
at more than the inconceivable velocity of a million and a half 
of miles a day, were to be hurried from its orbit, and to take the 
same rapid flight over this immense tract, it would not traverse 
it in twelve hundred thousand years; and every ray of light, 
although it moves at the rate of one hundred and eighty-five 
thousand miles in a single second of time, is more than one hun- 
dred and twenty years in coming from the star to us. 

But what ij even this, compared with that measureless extent which the discoveries of 
tlie telescope indicate? According to Dr. Uerschel, the light of some of the nebulas, jusi 
perceptible through his 40 feet telescope, must have been a million of ages in coming t i 
the earth; and should any of them be now destroyed, they would continue to be percep- 
tible for a ciiUion of ages to come. 

Dr. Uersrbel informs us, that Uie glass which he used would separate stars at 497 timos 
the distance of Sirius. 

284. It is one of the wonders of creation, that any phenomenc 
of bodies at such an immense distance from us should be pereep 
tible by human sight ; but it is a part of the Divine Maker^tt 

281. Former supposed relative distance of the most brilliant stars T Present opinion, 
and on what founded? 282. Wtiat computation as to the light of Sirius? What con- 
rlusion as to the dt^tanoe of other stars ? How, then, would he appear if as near as ou.* 
bun ? What conclusion as to the magnitude of the stars? S88. Distance of tlie sixth 
uu\gnitude stars? How measured by the flight of the earth ? Of light? What further 
eiivji'iate by Dr. Uerscuel? 26^. What remark respectiug our Icnovledge of the starts 
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plan, that alt.hongh they do not act physically upon us, yet they 
should so far be objects of our perception, as to expand our ideaa 
cf the vastness of the universe, and of the stupendous extent 
and operations of his omnipotence. 

" With Uiese facts before us," says an eminent astronomer and divine, " it is most rea> 
sonable to conclude, that those expressions in the Mosaic history of Creation, which 
relate to the creation of the fixed stars, are not to be understood as referring to the titns 
when they were brought into existence, as if they had been created about the same time 
wUh our earth ; but as simply declaring the fact, that, at whatever period in duration 
they were created, they derived their estistence frinn OodJ** 

285. "That the stars here mentioned" (Gew. i. 16), says a 
distinguished commentator, " were the planets of our system, 
and not the £xed stars, seems a just inference from the fact, that 
after mentioning them, Moses immediately subjoins, * And 
Elohim set them in the firmament of the heaven to give light 
upon the earth, and to rule over the day and over the night ;' 
evidently alluding to Venus and Jupiter, which are alternately 
our morning and evening stars, and which * give light upon the 
earth,' far surpassing in brilliancy any of the fixed stars." 

However vast the universe now appears, however numerous the worlds which may 
txist within its boundless range, the language of Scripture, and Scripture alone, is suffi' 
;iently corjprehensive and sublime to express all the emotions which naturally arise in 
the mind when contemplating its structure. This shows not only the harmony which 
subsists between the discoveries of the Revelation and the discoveries of Science, but 
also forms, by itself, a strong presumptive evidence, that the records of the Bible aro 
authentic and divine. 

286. We have hitherto described the stars as being immov- 
able and at rest ; but from a series of observations on double 
stars, Dr. Herschel found that a great many of them have 
changed their situations with regard to each other ; that some 
perform revolutions about others, at known and regular periods, 
and that the motion of some is direct, while that of others is 
retrograde ; and that many of them have dark spots upon thcii 
surface, and turn on their axes, like the sun. 

287. A remarkable change appears to be gradually taking 
place in the relative distances of the stars from each other in 
the constellation Hercules. The stars in this region appear to 
be spreading farther and farther apart, while those in the oppo- 
site point of the heavens seem to close nearer and nearer together, 
in the same manner as when walking through a forest, the tree!- 
toward which we advance appear to be constantly separating 
while the distance between those which we leave behind Is grj 
dually contracting. 

by sight? How ^rc we to underitand Moses as to the time of the creation of the stant 
S85. >Vhat meant by the " stars" mentioned Gen. i., 16? AVhat proof? Remark tewft^ 
Ing the Scriptures ? 236. How nave the stars been described hitherto? What ia dw 
Ifhot? $^7. What example cited ? What astonishing conclusion ? 
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From this appearance it is concluded, that the sun, with all its retinue of planetary 
vrorlds, is moving through the regions of the unirerset toward some distant center, or 
Around some wide circumference at the rate of near thirty thousand miles an hour ; and 
t?utt it la therefore higlily probable, if not absolutely certain, that we shall never occupy 
that portion of ctbsohUe space^ through which we are at this moment passing, durinft 
all the succeeding ages of eternity. 

288. The direction of the Sun's motion is towards the constel- 
lation of Hercules ; R. A. 259° ; Dec. 35°. This vdocUy 
in space is estimated at 8 miles per second, or 28,000 miles 
per hour. His period is about 18,200,000 years ; and the 
arc of his orbit, oyer which he has traveled since the creation 
of the world, amounts to only about 3 oVo ^^ V^^^ ^^ ^^^^ orbit, or 
about 7 minutes — an arc so small, compared with the whole, as 
to be hardly distinguishable from a straight line. 

With this wonderful fact in view, we may no longer consider the sun as fixed and sta* 
tionary, but rather as a vast and luminous jA^tnet^ sustaining the same relation to some 
oentraJ orb that the primary planets sustain to him, or that the secondaries sustain to 
their primaries. Nor is it necessary that the stupendous mechanism of nature should be 
restricted even to these sublime proportions. The sun*s central body may also have its 
orbit, and its center of attraction and motion, and so on, till, as Dr. Dick observes, we 
come to the great center of all — to the thromb of Gk>D ! 

Professor M&dler, of Dorpat, in Russia, has recently announced as a discovery that 
the star Alcyone^ one of the seven stars, is the center around which the sun and solar 
Hystem are revolving. 

289. Dr. Dick, the author of the Christian Philosopher, 
endeavors to convey some idea of the boundless extent of the 
universe, by the following sublime illustration : — 

"Suppose that one of the highest order of intelligences is 
endowed with a power of rapid motion superior to that of light, 
and with a corresponding degree of intellectual energy ; that he 
has been flying without intermission, from one province of crea- 
tion to another, for six thousand years, and will continue the 
same rapid course for a thousand million years to come, it is 
highly probable, if not absolutely certain, that, at the end of this 
vast tour, he would have advanced no farther than the * sul> 
urbs of creation,' — and that all the magnificent systems of mate^ 
rial and intellectual beings he had surveyed, during his rapid 
flight, and for such a length of ages, bear no more proportion to 
the whole empire of Omnipotence, than the smallest grain of 
sand does to all the particles of matter contained in ten thousand 
worlds." 

Were a seraph, in prosecuting the tour of creation in the manner now stated, ever tu 
arrive at a limit beyond which no farther displays of the Divinity could be perceived, the 
thought would overwhelm his faculties with unutterable emotions ; he would feel that he 
had now, in some measure, comprehended all the plans and operations of Omnipotence, 
and that no farther manifestation of the Divine glory remained to be explore 1. But wo 
may rest assured that this can never happen hi the case of any created intelligence. 

*288 The direction and velocity of the sun f Period? Arc of orbit passed over sines 
rrealion? How, then, should we consider the sun f View of the universe 7 Discovery 
of Professor Madlerf 889. Dr. Dick's illustrations 7 
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290. There is, moreover, an argument derivable from th« 
laws of the physical world, that seems to strengthen, I had 
almost said, to confirm, this idea of the Infinity of the material 
universe. It is this — If the number of stars be finite, and 
occupy only a part of space, the outward stars would be con- 
tinually attracted to those within, and in time would unite in 
one. But if the number be infinite, and they occupy an infinite 
space, all parts would be nearly in equilibrio, and consequently 
each fixed star, being equally attracted in every direction, would 
keep its place. 

No wonder, then, that the Psalmist was so affected with the idea of the immensity of 
the universe, that he ^eems almost afraid lest he should be overlooked amidst the immen- 
sity of beings tlmt must needs be under the superintendence of God ; nor that any finite 
mortal should exclaim, when contemplating the heavens — ** What is ntun^ that THOO 
art mindful of him 1" 



CHAPTER XVII. 
FALUNG, OR SHOOTING STARS. 

291. The phenomenon of shooting stars, as it is called, is com- 
mon to all parts of the earth ; but is most frequently seen in 
tropical regions. The unerring aim, the startling velocity, and 
vivid brightness with which they seem to dart athwart the sky, 
and as suddenly expire, excite our admiration ; and we often 
ask, " What can they be ?" 

But frequent as they are, this interesting phenomenon is not 
well understood. Some imagine that they are occasioned by 
electricity, and others, that they are nothing but luminous gas. 
Others again have supposed, that some of them are luminous 
bodies which accompany the earth in its revolution around the 
sun, and that their return to certain places might be calculated 
with as much certainty and exactness as that of any of the 
comets. 

292. Dr. Burney, of Gosport, kept a record of all that he 
observed in the course of several years. The number which he 
noticed in 1819 was 121, and in 1820 he saw 131. Professor 

290. What argument supposed to favor the idea of a boundletiH universe? Allusion tc 
the Psalmist t 291. Where are shooting stars most common t Are they well ander 
stood? What theories stated ? 292 Or. Burner's record ? Professor Orecn*s opinkaf 
Signior Baccaria's opinion, and his rc.*8on« for it? 
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Green is confident that a much larger nunoiber are annually seen 
in the United States. 

Signior Baccaria supposed they were occasioned by electricity, 
and thinks this opinion is confirmed by the following observa- 
tions. About an hour after sunset, he and some friends, that 
were with him, observed a falling star directing its course directly 
toward them, and apparently growing larger and larger, but just 
before it reached them it disappeared. On vanishing, their 
faces, hands, and clothes, with the earth and all the neighboring 
objects, became suddenly illuminated with a diffused and lambent 
light. It was attended with no noise. During their surprise at 
this appearance, a servant informed them that he had seen a 
light shine suddenly in the garden, and especially upon the 
streams which he was throwing to water it. 

The Sfgnior also observed a quantity of electric matter collect about his kite, whict 
had very much the appearance of a falling star. Sometimes he saw a kind of hale 
accompanying the kite, as it changed its place, leaving some glimmering of light in thr 
place it had quitted. 

293. Shooting stars have been supposed by those meteorolo- 
gists who refer them to electricity or luminous gas, to prognos- 
ticate changes in the weather, such as rain, wind, &c.; and there 
is, perhaps, some truth in this opinion. The duration of the 
brilliant track which they leave behind them, in their motion 
through the air, will probably be found to be longer or shorter, 
according as watery vapor abounds in the atmosphere. 

The notion that this phenomenon betokens high winds, is of great antiquity. TirgL 
In the first book of his Oeorgics, expresses the same idea :— 

** Soipe etiam Stellas vento impendente videbis 
Prsecipites cculo labi ; noctisque per umbram 
Flaqimarum longof a tergo albescere tractus ** 

** And oft, before tempestuous winds arise. 
The seeming stars full Iieadlong from the skies, 
And shooting through the darkness, gild the night 
With sweeping glories and long trulls of light." 

294. The number of shooting stars observed in a single night, 
though variable, is commonly very small. There are, however, 
several instances on record of their falling in " showers " — when 
every star in the firmament seems loosened from its sphere, and 
moving in lawless flight from one end of the heavens to the 
other. 

As early as the year 472, in the month of November, a phe- 
nomenon of this kind took place near Constantinople. As Theo- 

298. What are they supposed by some to prognosticate ? Wliat other ancier.t notion ^ 
Po^'tic quotation f 294. What said of the number of sitooting stars? What instao'u.* 
.•f '* m?tcoriu showers " ci>ed ? 

7* 
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phanes relates, " the sky appeared to be on fire," with tlie conw 
cations of the flying meteors. 

A shower of stars exactly similar took place in Ganada, between the 8d and 4th of 
July, 1814, and another at Montreal, in November, 1S19. In all these cases, a residuum 
nr black auHt^ was deposited upon the surface of the waters, and upon the roola of build- 
ings, and other objects. In the year ISIO, " inflamed substances," it is said, fell into, 
and around lalce Van, in Armenia, which stained the water of a blood color, and elefl 
the earth in various places. On the 5th of September, 1819, a like phenomenon was see? 
In Moravia. History furnishes many more instances of meteoric showers, depositing a 
red dtMit in some places, so plentiful as to admit of chemical analysis. 

295. The commissioner (Mr. Andrew Bllicott),*who was sent 
cut by our government to fix the boundary between the Spanish 
possessions in North America and the United States, witnessed 
a very extraordinary flight of shooting stars, which filled the 
whole atmosphere from Cape Florida to the West India Islands. 
This grand phenomenon took place the 12 th of November, 1799, 
and is thus described : — " I was called up," says Mr. Ellicott, 
" about 3 o'clock in the morning, to see the shooting stars, as 
they are called. The phenomenon was grand and awful.' The 
whole heavens appeared as if illuminated with sky-rockets, 
which disappeared only by the light of the sun, after daybreak. 
The meteors, which at any one instant of time appeared as 
numerous as the stars, flew in all possible directions except /r(Mii 
the earth, toward which they all inclined more or less, and some 
of them descended perpendicularly over the vessel we were in, so 
that I was in constant expectation of their falling on us.*' 

Mr. Ellicott further states that his thermometer, which had been at 80" Fahr. for the four 
days preceding, fell to 56° about 4 o'clock, A. M., and that nearly at the same time, the 
wind changed from the south to the northwest, from whence it blew with great violence* 
for three days without intermission. 

These same appearances were observed the same night at Santa Fe de Bogota, Cti- 
maoa, Quito, and Peru, in South America ; and as far north as Labrador and Greenland, 
extending to Weimar in Germany, being thus visible over an extent on the globe of 64* 
of latitude, and 94" of longitude. 

The celebrated Humboldt, accompanied by M. Bompland, 
then in S. America, thus speaks of the phenomenon : — " Toward 
the morning of the 13th of November, 1799, we witnessed a 
most extraordinary scene of shooting meteors. Thousands of 
lolidesj and falling stars succeeded each other during four hours. 
Their direction was very regular from north to south. From 
the beginning of the phenomenon there was not a space in the 
firmament, equal in extent to three diameters of the moon, 
which was not filled every instant with bolides or falling stars. 
All the meteors left luminous traces, or phosphorescent bands 
behind them, which lasted seven or eight seconds." 



296. What ph'^noroenon described by Mr. Ellicott? When and where? tti'*'^ on hk 
thermometer? Wh>*r« else observed, and by whom? 
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Thw phenomenon was witnessed by the Capuchin missionary at San Fernando do 
Aflura, a village situated in lat. V 58' 12', amidst the savannahs of the province of 
Varinas; by the Franciscan monks stationed near the cataracts of the Oronoco, and at 
Marca, on the banks of the Rio Negro, lat>2° 40*, long. 7«>' 21', and in the west of Bra&il, 
aa far as the equator itself; and also at the city of Porto Cabello, lat. 10° 6' 62", in French 
I4uiana, Popayan, Quito, and Peru. It is somewhat surprising that the same appearances, 
observed in places so widely separated, amid the vast and lonely deserts of South 
Sraerica, should have been seen, the same night, in the Lnited States, in Labrador, in 
8i eenland, and at Itterstadt, near Weimar, in Germany I 

296. We are told that thirty years before, at the city of 
Quito, *' there was seen in one part of the sky, above the volcano 
of Cayamburo, so great a number of falling stars, that the moun- 
tain was thought to be in flames. This singular sight lasted 
more than an hour. The people assembled in the plain of Exida, 
where a magnificent view presents itself of the highest summits 
of the Cordilleras. A procession was already on the point ot 
setting out from the convent of St. Francis, when it was per 
ceived that the blaze on the horizon was caused by fiery meteors, 
which ran along the sky in all directions, at the altitude of 12 
or 13 degrees." 

297. But the most sublime phenomenon of shooting stars, of 
which the world has furnished any record, was witnessed through- 
out the United States on the morning of the 13th of November, 
1833. The entire extent of this astonishing exhibition has not 
been precisely ascertained, !Jtit it covered no inconsiderable por- 
tion of the earth's surface. It has been traced from the longi- 
tude of 61°, in the Atlantic ocean, to longitude 100° in Central 
Mexico, and from the North American lakes to the West. Indies. 
It was not seen, however, anywhere in Europe, nor in South 
America, nor in any part of the Pacific Ocean yet heard from. 

Everywhere, within the limits above mentioned, the first 
appearance was that of fireworks of the most imposing grandeur, 
covering the entire vault of heaven with myriads of fire-balls, 
resembling sky-rockets. Their coruscations were bright, gleam- 
ing and incessant, and they fell thick as the flakes in the early 
snows of December. (See cut on the next page.) 

To the splendors of this celestial exhibition, the most brilliant sky-rockets and fire* 
works of art bear less relation than th-> twinkling of the most tiny star to the broad 
glare of the sun. The whole heavens seemed in motion, and suggested to some the awful 
grandeur of the image employed in the apocaljrpse, upon the opening of the sixth seal, 
when " the stars of heaven fell unto the earth, even as a fig-tree casteth her untimely 
figs when she is shaken of a mighty wind." 

298. One of the mo.^t remarkable circumstances attending 
his display was, that the meteors all seemed to emanate from 



21^6. What other similar phenomenon cited ? 297. What still more sublime speci-wU;! 
ft3 extent? Its appearance? 
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oiiL' anil the s&nie point, a little soutlieast of the zenith. Follow 
iiift tlie iir::li of the sky, tlioy ran along with iintnuii'e velocity, 
ikstribing, in Homn indtani;un, an arc of 30^ or iO" ii 




secoDda. On more attentive inspec;tioji it wris seen, that t 
meteors exhibited three distinct varieties ; the _fifsl, nonsisting 
(ifpAMyAncK U'les, apparently describeil by a point ; tlie namd, 
of \sixs^ fire-balls, that at intervals dartod along the sky, leaving 
liimiiiiiufl trains, which occasionally remained in view for a nam- 
liiT of minutes, and, in some cas,v», for Imif an hour or more ; 
the thiril, of undefined Uniiwxt' bmiies, wbich remained nearly 
• Btationary in the Leavens for a long time. 



299. These fire'balls were occasionally of enonnoas si 
Smith, of North Carolina, describes one which appeared largtf 
than the full moon rising. " I was," says he, " startled by the 

r>i WhiitrtBiarliiit>1eelriiaiiu<uix altcndcdthlipbenontcnuif VuU 
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splendid light in whicli the surrounding 
ilering even small objects qaite vieible." 




300. Of the third variety of meteors, the following are remark- 
uble e3tan;ple8 : — At Pobud, Ohio, a luminona body was dis- 
tinctly visible in the northeast for more than an hour. It was 
very brilliaut, in the form of a fmnviig-hook, and apparently 
twenty feet long, and eighteen inches broad. It gradually 
settled toward the horizon, until it disappeared. 

301. The point from which the meteors seemed to emanate, 
was observed, by those who fixed its position among the stars, 
to be in constellation Leo ; and, according to their concurrent 
testimony, this radiant point was stationary among the stars, 
during the whole period of observation ; that is, it did nut move 
ftloo!; with the earth, in its diurnal revolution eastward, but 
uccompanied the stars in their apparent progress westward. 



302, In attempting to explain these mysterious plienomena, it 
is argued, in the first place, that the jiuteors had tkdr origin 
beyond the limits of our atmosphere ; that they of course did not 
belong to this earth, but to the regions of space exterior to it 

Jieyieemtd toi-Diuitter WluttcluuigeariTeglber foils i^df 809. WtaM fiwl UHiti-d 
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The reason on which the conclusion is founded is this t^^AIl bodies near the eartl. 
\ncluding the atmosphere itself, have a common motion witli the earth arouml its axil 
from west to east ; but the raduint point, that indicated the source from which the 
o^eteors emanated, followed the course of the stars from east to west ; therefore, it waft 
indept.'udent of the earth's rotation, and consequently, at a great distance ftom it, ana 
beyond the limits of the atmosphere. The heiff/U of the meteoric cloud, or radiant point, 
above the earth's surface, was, according to the mean average of Professor Olmsted's 
observationsi not less than 2288 miles. 

303. That the meteors were constituted of very light, combus- 
tible materials, seems to be evident, from their exhibiting the 
actual phenomena of combustion, they being consumed, or con- 
verted into smoke, with intense light ; and the extreme tenuity 
of the substance composing them is inferred from the fact that 
they were stopped by the resistance of the air. Had their quan* 
tity of matter been considerable, with so prodigious a velocity, 
they would have had sufficient momentum to dash them upon 
1 he earth ; where the most disastrous consequences might have 
tollowed. 

The momentum of even light bodies of such sise, and in such Qumbers, traversing the 
atmosphere with such astonishing velocity, must have produced extensive derangements 
in the atmospheric equilibrium. Cold air from the upper regions vrould be brought down 
to the earth ; the portions of air incumbent over districts of couatry remote from each 
other, being mutually displaced, would exchange places, the air of the warm latitude? b» 
transferred to colder, and that of cold latitudes to warmer regions. 

304. Various hypotheses have been proposed to account for this 
wonderful phenomena. The agent which most readily suggests 
itself in this, and in many other unexplained natural appearances, 
is ekctricity. But no known properties of electricity are adequate 
to account for the production of the meteors, for their motions, or 
for the trains which they, in many instances, left behind them. 
Others, again, have referred their proximate cause to magnetism, 
and to phosphureted hydrogen ; both of which, however, seem to 
be utterly insufficient, so far as their properties are known, to 
account for so unusual a phenomenon. 

305. Professor Olmsted, of Yak College^ who has taken much 
pains to collect facts, and to establish a permanent theory for 
the periodical recurrence of such phenomena, came to the con- 
clusion, that — 

The meteors of November 13^A, 1833, eTnamaied from a nebulous 
body, which was then pursuing its way along with the earth around 
I he sitn ; that this body continues to revolve around the sun, in an 
tlliptical orbit — but little inclined to the plane of the ecliptiCf ana 
hax'ing its aphelion near the orbit of the earth ; and finally, that 



808. Supposed composition of these meteors? Why? 804. Hypotheses tor txpltai^ 
>ig phenomenon? Are they satisfactory? 805. Professor Olmsted's conelusimi 
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the hody has a period of marly six months,, arul that its perihelion 
is a little below the orbit of Mercury* 

This theory at least accommodates itself to the remarkable fact, that almost all the 
phenomena of this description, which are known to have happened, have occurred in the 
two opposite months of April and November. A similar exhibition of meteors to that of 
November, 1883, was observed on the same day of the week, April 20th, 1808, at Rich- 
mond, Virginia ; Stockbridge, Massachusetts ; and at Halifax, in British America. Another 
was witnessed in the autumn of 1818, in the North Sea, when, in the language of the 
observers, ** all the surrounding atmosphere was enveloped in one expansive sea of fire, 
exhibiting the appearance of another Moscow, in flames." 

* Jfter theJiriA edition of this work went to press^ the atUhor was poHteHy fur- 
niahedf by Professor Olmsted^ with thefoUotoing commimioaUon, 

** I am happy to hear that you propose to stereotype your * Geography of the Heavens 
U has done much, I believe, to diffuse a popular knowledge of astronomy, and I am pleased 
"that your efforts are rewarded by an extended patronage. 

^ Were I now to express my views on the sufcgect {Meteoric Showers) in as condensed 
a form as possible, I should state them in some such terms as the following : The meteorio 
showers which have occurred for several years past on or about the 18th of November^ 
are characterized by four peculiarities, which distinguish them from ordinary shooting 
stars. First, they are far more numerous than common, and are larger and brighter. 
Secondly, they are in much greater proportion than usual, accompanied by luminous 
trains. Thhrdly, th<iy mostly appear to radiate from a common center ; that is, were 
their paths in the heavens traced backward, they would meet in the same part of th« 
heavens : this point has for three years past, at least, been situated in the constellation 
Leo. Fourthly, the greatest display is everywhere at nearly the same time of night, 
namely, from three to four o*clock— a time about half-way from midnight to sunrise. The 
meteors are inferred to consist of combustible matter, because they are seen to take firo 
and burn in the atmosphere. They are known to be very light, because, although they 
fan toward the earth with immense velocity, few, if any, ever reach the earth, but are 
arrested by the air, like a wad fired from a piece of artillery. Some of them are inferred 
to be bodies of comparatively great size, amounting in diameter to several hundred feet, 
at least, because they are seen under so large an angle, while they are at a great distance 
from the spectator. Innumerable small bodies, thus consisting of extremely light, thin, 
combustible matter, existing together in space far beyond the limits of the atmosphere, 
are believed to compose a body of immense extent, which has been called *■ the nebulous 
body.* Only the skirts or extreme portions of this are brought down to the earth, while 
the entire extent occupies many thousands, and perhaps several millions of miles. This 
nebulous body is inferred to have a revolution around the sun, as well as the earth, and 
to come very near to the latter about the 18th of November each year. This annual 
meeting every year, for several years in succession, could not take place unless the 
periodic time of the nebulous body is either nearly a year, or half a year. Various rea- 
sons have induced the belief that half a year is the true period ; but this point is con- 
sidered somewhat doubtful. The zodiacal light, a faint light that appears at different 
seasons of the year, either immediately preceding the morning or foUowing the evening 
twi!!|jht, ascending from the sun in a triangular form, is, with some degree of probability, 
tho jght to be the nebular body itself, although the existence of such a bo4y, revolving 
in the solar system, was inferred to be the cause of the meteoric showe's, before any 
connection of it with the sodiacal light was even thought of." 



With what remarkable fact does his theory accord ? Substance of letter from Profeasoi 

OilllSlcd ? 
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306. Exactly one year previ^ms to the great pLenomenon of 
1833, namely, on the 12th of JNovember, 1832, a similar meteoric 
display was seen near Mocha^ ou the Red Sea, by Capt. Ham- 
mond and crew of the ship Restitution. 

A gentleman in South Carolina thus describes the effect of the phenomenon of 183-31, 
ipon his ignorant blacks : ** I was suddenly awakened by the most distrew>ing cries tha* 
ever fell on my ears. Shrieks of horror, and urie^i of mercy, I could hear frum most oi* 
the negroes of three plantations, amounting in all to about six or eight hundred. While 
earnestly listening for the cause, I heard a taint noise near the door calling my name ; 
1 arose, and taking my sword, stood at the door. At this moment, I heard the sanjc 
voice still beseeching me to rise, and saying, * O, my God, the world is on fire !' I then 
o]>ened the door, and it is difficult to say which exuited me most — the awfulness of tht 
scene, or the distressed cries of the negroes; upward of one hundred lay prostrate on the 
ground — some speechless, and some with the bitterest cries, but most with their handi 
raised, imploring God to save the world and them. The scene was truly awful ; fci 
lever did rain fall much thicker, than the meteors fell toward the earth; ea8t,w:st 
lorth, and south, it was the same !*' * 

806. What similar meteoric shower referred to ? Description of that of KoTeiabcr 
I33A, and its cf&cts upon certain persons f 



I 



PART II. 



THE SOLAR SYSTEM. 



CHAPTER I. 

GENERAL PHENOMENA OF THE SOLAR SYSTEM, 

HISTORY, &o. 

307. Our attention has hitherto been directed to those bodies 
which we see scattered everywhere throughout the whole celes- 
tial concave. These bodies, as has been shown, twinkle with a 
reddish and variable light, and appear to ha-ve always the same 
position with regard to each other. We know that their num- 
ber is very great, and that their distance from us is immeasur- 
able. 

We are also acquainted with their comparative brightness, and their situation. In a 
word, we have before us their few visible appearances, to which our knowledge of them 
is well-nigh limited ; almost all our reasonings in regard to them being founded on con^ 
paratitely few and uncertain analogies. Accordingly, our cM^f business thus far haa 
been to detail their number, to describe their brightness and positions, and to give the 
names by which they have been designated. 

308. There now remain to be considered certain other celes- 
tial bodies, all of which, from their remarkable appearance and 
changes, and some of them from their intimate connection with 
the comfort, convenience, and even existence of man, must have 
always attracted especial observation, and been objects of the 
most intense contemplation* and the deepest interest. Most of 
these bodies are situated within the limits of the Zodiac. The 
most important of them are, the Sun, so superior to all the 
heavenly bodies for its apparent magnitude, for the light and 
heat which it imparts, for the marked effects of its changes of 
position with regard to the Earth ; and the Moon, so conspicu- 
ous among the bodies which give light by night, and from her 

807. Sul^ect of Part 11.? Of our investigations hitherto? How distinguished ? thei< 
QUDber, distance, Ac. ? What has been our chief business thus far? 808. What nn« 
r^niHins to be considered? How situated? Which the roost important of them? 
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soft and silvery brightness, so pleasing to behold ; remarkable 
not only for changes of position, but for the yaried phases or 
appearances which she presents, as she waxes from her crescent 
form through all her different stages of increase to a full orb, 
and wanes back again to her former diminished figure. 

309. The partial or total obscuration of these two bodies, 
which sometimes occurs, darkness taking place even at mid-day, 
and the face of night, before lighted up by the Moon's beams, 
being suddenly shaded by their absence, have always been among 
the most striking astronomical phenomena, and so powerful in 
their influence upon the beholders, as to fill them with perplexity 
and fear. 

310. If we observe these two bodies, we shall find that, 
besides their apparent diurnal motion, across the heavens, they 
exhibit other phenomena, which must be the effect of motion. 
The Sun during one part of the year will be seen to rise every 
day farther and farther toward the north, to continue longer and 
longer above the horizon, to be more and more elevated at mid- 
day, until he arrives at a certain limit ; and then, during the 
other part, the order is entirely reversed. 

311. Again ; if the Sun's motions be attentively observed, he 
will be found to have another motion, opposite to his apparent 
diuroal motion from east to west. This may be perceived dis- 
tinctly, if we notice, on any clear evening, any bright star which 
is first visible after sunset, near the place where he sunk below 
the horizon. The following evening, the star will not be visible 
on account of the approach of the Sun, and all the stars on the 
east of it will be successively eclipsed by his rays, until he shall 
have made a complete apparent revolution in the heavens. 
These are the most obvious phenomena exhibited by these two 
bodies. 

312. The Moon sometimes is not seen at all ; and then, \fhen 
she first becomes visible, appears in the west, not far from the 
setting Sun, with a slender crescent form ; every night she 
appears at a greater distance from the setting Sun, increasing in 
size, until at length she is found in the east, just as the Sun is 
sinking below the horizon in the west. 

313. There are also situated within the limits of the Zodia« 
certain other bodies, which, at first view and on a superficial 
examination, are scarcely distinguishable from the fixed stars. 

809. What said of their obscuration? 810. Of their moUons? 811. Has the hn 
an a(p'irent eastward motion? 812. What said of the Moon's motions and i4i«ss.' 
eid. What other bodies and their motions ? What called, and whj ? 
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But, observed more attentively, they will be seen to shine with 
a milder and steadier light, and, besides being carried round 
with the stars, in the apparent revolution of the great celestial 
concave, they will seem to change their places in the concave 
itself. Sometimes they are stationary ; sometimes they appear 
to be moving from west to east, and sometimes to be going back 
again from east to west ; being seen at sunset sometimes in the 
east, and sometimes in the west, and always apparently changing 
their position with regard to the earth, each other, and the 
other heavenly bodies. From their wandering, as it were, ir 
ihis manner through the heavens, they were called by the Greeks 
TTAavTjTai, planets , which signifies wanderers. 

314. There also sometimes appear in the heavens, bodies of a 
very extraordinary aspect, which continue visible for a considera- 
ble period, and then disappear from our view ; and nothing more 
is seen of them, it may be, for years, when they again present 
themselves, and take their place among the bodies of the celes- 
tial sphere. They are distinguished from the planets by a dull 
and cloudy appearance, and by a train of light. As they 
approach the sun, however, their faint and nebulous light becomes 
more and more brilliant, and their train increases in length 
until they arrive at their nearest point of approximation, when 
they shine with their greatest brilliancy. As they recede from 
the Sun, they gradually lose their splendor, resume their faint 
and nebulous appearance, and their train diminishes, until they 
entirely disappear. They have no well-defined figure ; they 
seem to move in every possible direction, and are found in every 
part of the he^ivens. From their train they were called by the 
Greeks KOUjjraL, cortietSj which signifies bearded^ or having 
long hair. 

The causes of these various phenomena nmst have early constituted a very natural 
•uligect of inquiry. Accordingly, we shall find, if we examine the history of the science, 
that in very early times there were many speculations upon this sul^tict, and that differ- 
ent theories were adopted to account for these celestial appearances. 

315. The Egyptians, Chaldeans, Indians, and Chinese, early 
j)ossessed many astronomical facts, many observations of impor- 
tant phenomena, and many rules and methods of astronomical 
calculation ; and it has been supposed, that they had the ruins 
of a great system of astronomical science, which in the earliest 
ages of the world had been carried to a great degree of perfec- 
tion, and that while the principles and explanations of the phe- 

814. Any other bodies described? How distinguished? What called, and why ? Is it 
prooable that these phenomena were early observed ? 815. What said of the I^gyptiana 
Chaldeans, Ac? Of the Chinese in particular? Of the Indians and GhaldeaoB? 
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nomena were lost, the isolated, unconnected facts, rules of calcn 
lation, and phenomena themselves, remained. 

Thus, the Ghinese, who, it is generally agreed, possess the oldest authentic obser ra- 
tions on record, have recorded in their annals, a conjunction of flye-placiets at the same 
time, which happened 2461 years before Christ, or 100 years before the flood. By mathe> 
matical calculation, it is ascertained that this conjunctinn really occurred at that time 
The first observation of a solar eclipse of which the worhl bas any Itnowledge, was matte 
by the Chinese, 2128 years before Christ, or 220 years after the deluge. It seems, also, 
that the Chinese understood the method of calculating eclipses ; for, it is said, that th« 
emperor was so irritated against the great officers of state for neglecting to predict tho 
eclipse, that he caused them to be put to death. The Chinese have, from time imme- 
morial, considered Solar Eclipses and coigunctions of the {danets, as prognostics of 
importance to the Empire, and they have been predicted as a matter of state policy. 

The astronoiLical epoch of the Chinese, according to Ballly, commenced with Fohl, 
their first emperor, who flourished 2952 years before the Christian era, or about 860 
years before the deluge. If it be asked how the knowledge of this antediluvian astrono- 
my was preserved and transmitted, it is said that the columns on which it was registered 
have survived the deluge, and that those of Egypt are only copies which have become 
originals, now that the others have been forgotten. The Indians, also, profess to have 
many celestial observations of a very early date. The Chaldeans have been JusUy cele- 
brated in all ages for their astronomical observations. When Alexander took Babylon, 
his preceptor, Callisthenes, found a series of Chaldean observations, made in that ci^, 
and extending back, with little interruption, through a period of 1908 years preceding 
that event. This would carry us back to at least 2284 years before the birth of GhriAt, 
or to about the time of the dispersion of mankind by the confusion of tongues. 

316. The Greeks, in all probability, derived many notions 
in regard to this science, and many facts and observations, from 
Egypt, the great fountain of ancient learning and wisdom, and 
many were the speculations and hypotheses of their philosophers. 
The first of the Greek philosophers who taught Astronomy was 
Thales, of Miletus. He flourished about 640 years before the 
Christian era. Then followed Anaximander, Anaximenes 
Anaxagoras, Pythagoras, Plato. 

Some of the doctrines maintained by these philosophers were, that the Earth wvi 
round, thav it had two motions, a diurnal motion on its axis, and an annual motion 
around the Sun, that the Sun was a globe of fire, that the Moon received her light ft'om 
the Sun, that she was habitable, contained mountains, seas, Ac. : that her eclipses wer 
caused by the Earth's shadow, that the planets were not designed merely to adorn our 
heavens, that they were worlds of themselves, and that the fixed stars were centers of 
distant systems. Some of them, however, maintained that the Earth was flat, and other* 
that, though round, it was at rest in the center of the universe. 

317. When that distinguished school of philosophy was estab- 
lished at Alexandria, in Egypt, by the munificence of the sove- 
reigns to whom that portion of Alexander's empire had fallen, 
astronomy recived a new impulse. It was now, in the second 
century after Christ, that the first complete system or treatise 
of astronomy of which we have any knowledge, was formed. 
All before had been unconnected and incomplete. Ptolemy, 
with the opinions of all antiquity, and of all the philosophers 

816. Of the Greeks? Who first taught astronomy among themt Date? Who ntltf 
f*'&Ui some of their dot trinesf 817. What record of this science f What of 
and ^is works ? 
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who had preceded him, spread out before him, composed a work 
in thirteen books, called the MeyaXi] Ivvra^ig, or Great System. 

318. Rejecting the doctrine of Pythagoras, who taught that 
the Sun was the center of the universe, and that the Earth had 
a diurnal motion on its axis and an annual motion around the 
Sun, as contrary to the evidence of the senses, Ptolemy endea- 
vored to account for the celestial phenomena, by supposing the 
Earth to be the center of the universe, and all the heavenly 
bodies to revolve around it. 

lie seems to have entertained an idea^ In regard to the supposition, that the Earth 
revolved on itn axis, similar to one which some entertain even at the present day. " If,'* 
says he, ** there trere any motion of the Earth common to it and all other heavenly 
bodies, it would certainly precede them all by the excess of its mass being so great ; and 
animais and a certain portion of heavy bodies would be left behind, riding upon the air, 
and the earth itself woiild very soon be completely carried out of the heavens." 

319. In explaining the celestial phenomena, however, upon 
his hypothesis, he met with a diflBculty in the apparently station- 
ary attitude and retrograde motions which he saw the planets 
sometimes have. To explain this, however, he supposed the 
planets to revolve in small circles, which he called epicycles, 
which were, at the same time, carried around the Earth in 
larger circles, which he called deferents, or carrying circles. 

In following out his theory, and applying it to the explanation of different phenomena, 
it bwcaroe necessary to add new epicycles, and to have recourse to other expedients, until 
the system became unwieldy, cumbrous, and complicated. This theory, although astro- 
nomical observations continued to be made, and some distinguished astronomers appeared 
fron time to time, was tiie prevailing theory until the middle of the 16th century. It wa.s 
not, however, (Uways received with implicit confidence ; nor were its difficulties ahoayt 
entirely unappreciated. 

Alphonso X., king ot Castile, who flourished in the 18th century, when contemplating 
the doctrine of the epicycles, exclaimed, '* Were the universe thus constructed, if the 
I>eity had called me to his councils at the creation of the world, I could have given him 
good advice." He did not, however, mean any impiety or irreverence, except what was 
directed against the system of Ptolemy. 

320. About the middle of the 15th century, Copernicus, a 
native of Thorn in Prussia, conceiving a passionate attachment 
to the study of astronomy, quitted the profession of medicine, 
and devoted himself with the most intense ardor to the study of 
this science. " His mind," it is said, " had long been imbued 
with the idea thaC simplicity and harmony should characterize 
the arrangements of the planetary system. In the complication 
and disorder which he saw reigned in the hypothesis of Ptolemy, 
ho perceived insuperable objections to its being considered as a 
representation of nature." 

818. His system of astronomy? What singular idea and reasoning? 819. What 
difficulty did he meet with, and how explain it? What further difficulty? How long 
did this theory prevail? What anecdote of the King of Castile? 820. What dis- 
tinguish '*d student of astronomy now arose ? His impressions in regard to the Ptolemaic 
U>«ory ? His own earlier convictions ? What odier theories did he atadj? 
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In the opinions of the Egyptian sages, in those of Pythagcras, Philolaos, Ari8tarcLix<it 
and Nicetas, he recognized his own earliest conviction that the Earth was not the center 
of the universe. His attention was much occupied with the speculation of Martinus 
JapeUa, who placed the Sun between Mars and the Moon, and made Mercury and Venus 
revolve round him as a center, and with the system of Appollonius Pergoms who made 
\11 the planets revolve around the Sun, while the Sun anl Moon were carried around the 
2arth in the center of the universe. 

321. Thtj examination, however, of various hypotheses, by 
Copernicus, gradually expelled the difficulties with which the 
subject was beset, and after the labor of more than thirty years, 
he was permitted to see thje true system of the universe. Tho 
Sun he considered as immovable, in the center of the system, 
while the Earth revolved around him, between the orbits of 
Venus and Mars, and produced by its rotation about its axis al 
the diurnal phenomena of the celestial sphere. The other planets 
he considered as revolving about the Sun, in orbits exterior to 
that of the Earth. ( See the Relative Distances of the Planets* 
Orbits f Map L of the Atlas,) 

Thus, the stations and retrogradations of the planets were the necessary cotisequence 
of their own motions, combined with that of the Earth about the Sun. He said that ** by 
long observation, he discovered that, if the motions of the planets be compared with 
that of the Earth, and be estimated according to tiie times in which they perform their 
revolutions, not only their several appearances would follow from this hypothesis, but 
that it would so connect the older of the planets, their orbits, magnitudes, and distances, 
and even the apparent motion of the fixed stars, that it would be impossible to remov* 
one of these bodies out of its place without disordeiing the rest, and even the whole of 
the universe also." 

322. Soon after the death of Copernicus, arose Tycho Brahe, 
born at Knudstorp, in Norway, in 1.046. Such was the distinc- 
tion which he had attained as an astronomer, that when, dissa- 
tisfied with his residence in Denmark, he had resolved to remove, 
the King of Denmark, learning his intentions, detained him in 
the kingdom, by presenting him with the canonry of Rothschild, 
with an income of 2,000 crowns per annum. He added to this 
sum a pension of 1,000 crowns, gave him the island of Haen, 
and established for him an observatory at an expense of about 
200,000 crowns. Here Tycho continued, for twenty-one years, 
to enrich astronomy with his observations. 

His observations upon the Moon were important, and upon the planets numerous and 
precise, and have formed the data of the present generalizations in astronomy. lie, 
however, rejected the system of Copernicus; considering the Earth as immovable in the 
center of the system, while the Sun, with all the planets and comets devolving around 
him, performed his revolution around the earth, and, in the course of twenty-four hours, 
tite stars also revolved about the central body. This theory was not so simple as that of 
Copernicus, and involved the absurdity of making the Sun, planets, Ac, revolve around 
u body comparatively insignificant. 

821. How was Copernicus led to discover the true system of astronomy? What is that 
system ? Dues it account for the stations and retrogradations of the planets f 8ft. 
What distinguished astronomer next arose? What said of hit dcteatioa In IVtUBark 
UU obeervatinns ? His theory' 
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323. Near the close of tlu 15th century, arose t?ro men, who 
»froaght most important changes in the science ; Kepler and 
Galileo, the former a German, the latter an Italian. Previous 
lo Kepler, all investigations proceeded upon the supposition that 
the planets moved in circular orbits which had been a source of 
much error. This supposition Kepler showed to be false. lie 
discovered that their orbits were ellipses. The orbits of their 
secondaries or moons he also found to be the same curve. He 
next determined the dimensions of the orbits of the planets, and 
found to what their velocities in thtir motions through their 
orbits, and the times of their revolutions, were proportioned; all 
truths of the greatest importance to the science. 

324. While Kepler was making these discoveries of facts, very 
essential for the explanation of many phenomena, Galileo was 
discovering wonders in the heavens never before seen by the eye 
of man. Having improved the telescope, and applied it to the 
heavens, he observed mountains and valleys upon the surface of 
our Moon ; satellites or secondaries were discovered revolving 
about Jupiter ; and Venus, as Copernicus had predicted, was 
seen exhibiting all the different phases of the Moon, waxing and 
waning as she does, through various forms. 

Many minute stars, not visible to the naked eye, were described in the Milky- Way ; and 
the largest fixed stars, instead of being magnified, appeared to be small brilliant points, 
an incontrovertible argument in favor of their immense distance from us. All his dis- 
coveries served to confirm the Copernican theory, and to show the absurdity of the 
hypothesis of Ptolemy. 

325. Although the general arrangement and motions of the 
planetary bodies, together with the figure of their orbits, had 
been thus determined, the force of power which carries them 
around in their orbits, was as yet unknown. The discovery of 
this was reserved for the illustrious Newton, though even his 
discovery was in some respects anticipated by Copernicus, 
Kepler and Hooke. By reflecting on the nature of gravity — 
that power which causes bodies to descend toward the center of 
the earth — since it does not sensibly diminish at the greatest 
distance from the center of the earth to which we can attain, 
being as powerful on the loftiest mountains as it is in the deepest 
caverns, he was led to imagine that it might extend to the 
Moon, and that it might be the power which kept her in- liet 
orbit, and caused her to revolve around the Earth. Se was 
next led t > suppose that perhaps the same power carried the 

83S. What two noted astronomers next arose? Wbat did Kepler discover? 924. 
ttttllleo and his discoveries? What theory did they serve to establish? 825 Wha*. 
gic<xt diw^vn-T «^3i made, and by whom? How U"l to it? SuccmsIvq steiwi 
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primary pia^^ts around the Sun. By a series of calculatiotts, 
he was enabled at length to establish the fact, that the same 
force which determines the fall of an apple to the Earth, carries 
the moons in their orbits around the planets, and the planets 
and comets in their orbits around the Sun. 

Tt> recapitulate briefly : The system (not hypothesis, formuch of it has beea tstablished 
bf iiKicaematical demonstration) by which we are now enabled to explain with a beauti- 
iu simplicity the different phenomena of the Sun, planets, moons, and comets, is, that 
tlfi Sun is the central body in the system: that the planets and comets move round him 
in elliptical orbits, whose planes are more or less inclined to each other, witii Teloeities 
bearing to each other a certain ascertained relation, and in times related to their dis* 
tances ; that the moons, or secondaries, .'evolve in like manner about their primaries, 
and at the same time accompany them in their motion around the Sun ; all meanwhile 
revolving on axes of their own ; and that these revolutions in their orbits are produ<^ 
by the mysterious power of attraction. The particular mode in which this system is 
applied to the explanation of the different phenomena, will be exhibited as we proceed tn 
consider, one by one, the several bodies at>ove mentioned. 

326. Those bodies, thus arranged and thus revolving, consti- 
tute what is termed the Solar System. The planets have been 
divided into two classes, Primary Planets and Secondary 
Planets, The latter are also termed Moons, and sometimes 
Satellites, The Primary Planets are those that revolve around 
the Sun as a center. The Secondary Planets are those that re- 
volve around their primaries. There have been discovered up 
to this date (1873), eight large primary planets, namely. Mercury, 
Venus, the Earth, Mars, Jupiter, Saturn, Uranus, and Neptune ; 
together with one hundred and twenty-eight very small bodies, 
called Asteroids, or Minor Planets. These small primary planets 
revolve in orbits all of which are situated between the orbits of 
Mars and Jupiter. 

Of the primary planets Mercury is the nearest to the sun, and 
the others follow in the order in which they are named above. 
The Asteroids are, with one exception, visible only through a 
telescope ; and hence are called telescopic planets, Neptune, 
though very much larger than any of the Asteroids, is also a 
telescopic planet, on account of its immense distance from us. 

There have been discovered eighteen secondary planets, or 
satellites. Of these, the earth has one, Jupiter four, Saturn 
eight, Uranus four, and Neptune one. All these, except our 
own satellite, the Moon, are in\'isible to the naked eye. 

Map I. of the Atlas, "exhibits a plan of the Solar System," comprising the relative 
magnituil^s of the Sun and Planets ; their comparative distances from the Sun, and fron: 
each other; the position of their orbitd, with respect to each other; the Earth and the 
3mi ; toKetlier with many other particulars which are explained on the map. There, tlie 



Dt scribe the Copernican theory? 826. What do the bodies mentioned ocastitutcf 
How arc the planets divided? Describe each? What number of primaries? Name 
Ihera ii: order from the Sun ? Which are the Asteroids ? Which telescopic ? How maoy 
t««oudivry pkuietb? Uowdistribuied? Are they Nimible to the naked «r«ff WhoiMyii 
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flrrt and moit prominent otiject which claims attention, is the representation of tbo 
lian's circomference, with its deep radiations, t>onnding the upper margin of the map. 
H is apparent, liowever, that this segment is hardly ons-eiasth of the whole circumference 
of which it is a part. Were the map sufficiently large to admit the entire orb of the Sun, 
even upon tp diminutive a scale as there represented, we should then see the Sun and 
Planets in tneir Just proportions — ^the diameter of the former being 112 times the diameter 
of the Earth. 

It was intended, originally, to represent the Earth upon a scale of one inch in diameter 
and the other bodies in that proportion ; but it was found that it would increase the map 
to four times its size ; and hence it became necessary to assume a scale of httlf an inch 
for the Earth's diameter, which makes that of the Sun 56 inches, and the otLer bodies, as 
repre<«ented upon the map. 

The relative position of the Planets* orbits is also represented, on a scale as large as 
the sheet would permit. Their relative distances from the Sun as a center, and from each 
other, are there shown correctly. But had we wished to enlarge the dimensions of these 
orbits, so that they would exactly correspond with the scale to which we have drawn tho 
planets, the map must have been nearly two miles in length. *' Hence," says Sir John 
Herschel, ** the idea that we can convey correct notions on tills sutyect, by drawing circles 
on paper, is out of the question." 

To illustrate this — Let us suppose ourselves standing on an extended plane, or field of 
ice, and that a globe 4 feet 8 inches in diameter is placed in the center of the plane, to 
represent the Sun. Having cut out of the map the dark circtes representing the planets, 
we may proceed to arrange them in their respective orbits about the'Sun, as follows: 

First, we should take Mercury, about the size of a smill currant, and place it on the 
circumference of a circle \9A feet from the Sun; tills circle would represent the orbit of 
Mercury, in the proper ratio of its magnitude. Next, we should take Venus, about the 
size of a rather small cherry, and place it on a circle 862 feet from the Sud, to represent 
the orbit of Venus. Then would come the Earth, about the size of a cherry, revolving In 
an orbit 500 feet from the Sun. After the Earth we should place Mars, al>out the size of 
a cranberry, on a circle 762 feet from the Sun. Neglecting the Asteroids, some of which 
would not be larger than a pin*s head, we should place Jupiter, hardly equal to a mode- 
rate-sized melon, on a circle at the distance of half a mile (2601 feet) from 'the Sun ; 
Saturn, somewhat less, on a circle nearly a mile (4768 feet) from the Sun ; Herschel, about 
the size of a peach, on the circumference of a circle nearly 2 miles (9591 feet) from the 
Sun ; and last of all Neptune, a little larger than Herschel, and on a circle of nearly 8 
miles (15,366 feet) from the Sun. 

To imitate the motions of the planets in the above-mentioned orbits, Mercury must 
describe its own diameter In 41 seconds ; Venus, in 4 minutes 14 seconds ; the Earth, io 

7 minutes; Mars, in 4 minutes 48 seconds; Jupiter, In 2 hours 56 minutes; Saturn, Ic 

8 hours 18 minutes ; Herschel, in 12 hours 16 minutes ; and Neptune, in 28 hours 25 min. 
Many other interesting subjects are embraced in Map L ; but they are either explained 

on the map, or in the following chapters, to which they respectively relate. 



CHAPTER II, 

THE SUN— HIS DISTANCE, MAGNITUDE, &o. 

• 

321. The Sun is a vast globe, in the center of the solar sysj- 
*cn:, dispensing light and heat to all the planets, and governing 
nil their motions. It* is the great parent of vegetable life, giv- 
ing warmth to the seasons, and color to the landscape. Its raya 
are the cause of various phenomena on the surface of the jarth 
and in the atmosphere. By their agency, all winds are pro- 

of Map I. ? Itssealef Remark of Dr^ Herschel? What iUustrationi of tl 
does he furnish f Oil, Suc;)<}v.t cf Chapter II. f DescriUi the ftwxt 

1J.G b 

We l/brary. c;TA.Nrorii m\\. 
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dni-ed, said the waters of the sea are made to circolate in Ta)iat 
throagli the air, and irrigate the land, prodncing springs and rivers. 

328. The Snn is by far the largest of the hearenlj bodices 
whose dimenstoDs hare been definitely ascertained. Its diameter 
is about 853,000 miles. Conacqaently, it contains a Toinme 
nearly equal to tkirteea hundred Ikousand globet of the size of 
the Earth, Of a body so vast in its dimensions, the htunan mind, 
irith all its efforts, can form no adequate oonception. 




329. The next thing which fills the mind with wonder, is the 
distwiux at which so great a body must be placed, to occnpy, 
apparently, so small a space in the firmament. The Snn's mean 
distance from the Earth is between eleven and twelve thousand 
times the Earth's diameter, or 91,500,000 miles. We may 
derive some faint conception of such a distance, by considering 
that the swiftest steamboats, which ply our waters at the rate 
of 200 miles a day, would not traverse it in thirteen kiindrti 
■f/irs ; ami, tiiat a cannon ball, flying night and day, at tbo 
rate of 16 miles a minute, would not reach it in eleven years. 

330. The Sun, when viewed through a telescope, presents tba 
appearance of an enormous globe of fire, frequently in a state of 
violent agitation or ebullition ; dark spots 3f irregular form, 

[ItcbI 
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rarely visible to the naked eye, frequently pass over his disc, 
from east to west, in the period of nearly fourteen days. 



SPOTS OR THS SOV. 




Th^^e spots are usually snrrounded by a 
penumbra, or less deeply shaded border, 
and that, by a margin uf light more bril> 
liant that that of the Sun. A spot when 
first seen on the eastern edge of the Sun, 
appears like a line which progressively ex- 
tends in breadth, and increases its appa- 
rent velocity, till it reaches the middle, 
when it begins to contract, and to move 
less rapidly, till it ultimately disappears at 
the western edge. In some rare instances, 
the same spots re-appear on the east side, 
and are permanent for two or three revo- 
lutions. But, as a general thing, the spots 
on the Sun are neither permanent nor uni- 
form. Sometimes several small ones unite 
into a large one; and, again, a large one 
separates into numerous small ones. Some 
continue several days, weeks, and even 
months, together ; while others appear and 
disappear, in the course of a few liours. 
Those spots that are formed gradually, are, | 
for the most part, as gradually dissolved ; 
whilst those that are suddenly formed, generally vanish as quickly. 

* 331. It is the general opinion, that spots on the Sun were 
first discovered by Galileo, in the beginning of the year 1611 ; 
though Soheiner, Harriot, and Fabricius, observed them about 
the same tune. During a period of 18 years from this time, the 
Sun was never found entirely clear of spots, excepting a few 
days m December, 1624 : at other times, there were frequently 
seen twenty or thirty at a time, and in 1625, upwards of fifty 
were seen at once. From 1650 to 1670, scarcely any spots were 
to be seen ; and, from 1676 to 1684, the ort) of the Sun pre- 
sented an unspotted disc. Since the beginning of the eighteenth 
century, scarcely a year has passed, in which spots have not 
been visible, and frequently in great numbers. In 1799, Dr 
Herschel observed one nearly 30,000 miles in breadth. 

A single second of angular measure, on the Sun*s disc, as seen from the Earth, corre* 
sponds to 460 miles ; and a circle of this diameter (containing therefore nearly 900,000 
square miles) is the least space which can be distinctly discerned on the Sun as a visible 
areUy even by the most powerful glasses. Spots have been observed, however, whose 
linear diameter has been more than 44,000 miles ; and, if some records are to be trusted, 
of even still greater extent. 

Dr. Dick, in a letter to the author, says: "I have for many years examined the soiar 
(Spots with considerable minuteness, and have several times seen spots which were not 
lesg than the one twenty-fifth part of the Sun's diameter, which would make them about 
?2,192 miles in diameter, yet they were visible neither to the naked eye, npr through an 
opera glass magnifying about three times. And, therefore, if any spots have been visi- 
ble to the naked eye — which we must believe, unless we refuse respectable testimony — 
they could not have been much less than 50,000 miles in diameter.** 

881 Who first saw them ? When ? How was it for the next IS years t How in 1426? 
From 16&0 to 1610? From 1676 to 1684? How since the beginning of the eighteentli 
seotory? Dr. Her8chel*8 measurements? Dr. Dick's remarks and conclosiooff 
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332. The apparent directipu of these spots over the San's disu 
is continaallj varyiDg. Sometimes they seem to move across it 
in straight lines, at others in curve lines. Sometimes the spots 
seem to move upward, as they cross from east to west, while at 
other times they incline downward, while the curve lines are 
sometimes convex towards one pole of the San, and sometimes 
towards the other. 

333. All these phenomena are owing to the fact that the axis 
of the San is inclined to the ecliptic, so that viewing him from 
different points in the Earth's orbit, the apparent direction of 
the spots must necessarily vary. The following diagrams may 
serve to illastrate : 



or THs aouLM spots. 



E 




March. Jhim. September. December. 

Let E F represent the plane of the ecliptic. In Marc^, the spots describe a carre, 
which Is convex to tL e south, as shown at A. In June, they cross the Sun*s disc in nearly 
straight lines, but incline upward. In September, they curve again, though in die oppo* 
site direction ; and in December, pass over in straight lines, inclining dowtuoard, nie 
figures fi and D show the inclination of the Sun*s axis. 

The following diagram will servo still farther to illustrate tha 
cause of the change of direction of the solar spots. 



SOLAS SPOTS OBSBBTKD FBOM DUmRIHT POORS. 




D^PEC. 



X 
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JUNE 
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\aa the student imagine himself stationed upon the earth at A, In March, looklnf upon 
t**s son ic the center, whose north or upper pole is now inclined io/ward A<m. The spots 
will then curot Qk^ rt^rard. Three months afterward— via., in June— the earth will bt 



882 In what generai direction do these spots move f 
la thu oauHC of these varying phenomena? 



What variations t 9$L Whal 
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at B ; when the san's axis will incline to the left^ and the spots seem to pass up^tstrd to 
the rigtit. In three muDtlis lunger, tlie observer will be at C, when the north pole of t)>« 
sun will incline//*07n Aim, and the spots seem to eurne upy>ard: and in three mouthH 
longer, he will be at D, wlien the axis of the sun will incline io ike rigld^ and the spots 
seem to incline downward. 

334. From the regularity with which these spots revolve, it 
is coucluded, with good reason, that they adhere to the surface 
of the Sun and revolve with it. They are all found within 30'^ 
of his equator, or within a zone 60 in width. 

335. The apparent revolution of a spot, from any particular 
point of the Sun's disc, to the same point again, is accomplished 
in 27 days, 7 hours, 26 minutes, and 24 seconds ; but during 

flat time, the spot has, in fact, gone through one revolution, 
together with an arc, equal to that described by the Earth in 
uer orbit in the same time ; which reducest he time of the Sun's 
actual rotation on his axis, to 25 days, 9 hours, and 36 minutes. 

Let S represent the sun, and A siokkkal aod stsooio BByoumoHS or tub sum. 
the earth. in her orbit. When she 
is at A, a spot is seen upon the / 

uisc of the sun at B. The sun re- ^ 
Tolves in the direction of the arr * ^^ 

rows, and in 26 days 10 hours the ^^ *• .?'Of#r 

spot comes round to B again, or / ^^25d m 

opposite the star £. Thisisa«<e^ \u •'•••.^» « 

rea/ revolution. |f .*: 

During these 25 days 8 hours, • I L. ... 

the eurth has passed on in her : ' ^ lk^*..-""f|TV 

orbit sonie 25% or nearly, to 0, : .viiOO*^.?:--^'*"* — V<AiC^^ 

which will require nearly two days ''• ,??!.•- ^*<*^^^ 

for the spot at B to get directly fi^A 

toward the earth, as shown at D, ^D'C 

This last is &8}fnodic revolution. 

It consists of one complete revolu- ^ 

tion of the sun upon bis axis, and 

about 27* over 

336. The part of the Sun's disc not occupied by spots, is far 
from being uniformly bright. Its ground is finely mottled with 
an appearance of minute dark dots, or pores^ which, attentively 
watched for several days in succession, are found to be in a con- 
stant state of change. 

What the physical organization of the Sun may be, is a ques- 
tion which astronomy, in its present state, cannot solve. It 
seems, however, to be surrounded by an ocean of inexhaustible 
flame, with dark spots of enormous size, now and then floating 
upon its surface. From these phenomena, Sir W. Herschel sup- 
posed the Sun to be a solid, dark body, surrounded by a vast 

884. Are these spots supposed to adhere to the body of the Sun ? On what part of tho 
Sun are they found f 885. What is their time of apjmrfnt revolution ? The actiuii 
tim?? How arrived at? 836. What s<tid of the part of the Sui about his poles? Of 
his physical organisation? What Joes it si^um to be' How did Sir W. UcrsfJuJ 
n'jfi'"d it? 
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atmosphere, almost always filled with laminous clouds, occasion- 
ally opening and disclosing the dark mass within. 

337. The speculations of Laplace were different. He im- 
agined the solar orb to he a mass of fire, and the violent effer- 
vescences and explosions seen on its surface, to be occasioned by 
the eruption of elastic fluids, formed in its interior, and the spots 
to be enormous caverns, like the craters of our volcanoes. 
Others have conjectured that these spots are the tops of solar 
mountains, which are sometimes left uncovered by the luminous 
fluid in which they are immersed. 

338. Among all the conflicting theories that have been 
advanced, respecting the physical constitution of the Sun, there 
is none entirely free from objection. The prevailing one seems 
to be, that the lucid matter of the Sun is neither a liquid sub- 
stance, nor an elastic fluid, but that it consists of luminous 
clouds, floating in the Sun's atmosphere, which extends to a 
great distance, and that these dark spots are the opaque body 
of the Sun, seen through the openings in his atmosphere. Her- 
Rchel supposes that the density of the luminous clouds need not 
be greater than that of our Aurora Borealis, to produce the 
effects with which we are acquainted. 

339. The similarity of the Sun to the other globes of *he sys- 
tem, in its s ipposed solidity, atmosphere, surface divert Jed with 
mountains and valleys, and rotation upon its axis, has ^ed to the 
conjecture that it is inhabited, like the planets, by beings whose 
organs are adapted to their peculiar circumstances. Such was 
the opinion of the late Dr. Herschel, who observed it unremit- 
tingly, with the most powerful telescopes, for a period of fifteen 
years. Such, too, was the opinion of Dr. Elliot, who attributes 
to it the most delightful scenery ; and, as the light of the Sun 
is eternal, so, he imagined, were its seasons. Hence he infers 
that this luminary ofiers one of the most blissful habitations for 
intelhgent beings of which we can conceive. 

887. Laplace's speculations? What other opinions? 888. Is there a MtUftietory 
theory of tlie physical nature of the Sun ? State the prevailing c-ne ? Herscbel'i MHW- 
•itlon? 889. What coAJecture in regard to the inhabitantt of th« Bun, and uj^a 
vhat ft anded ? Who held to this idea ? 
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CHAPIER III. 
THE PRIMARY PLANETS— MERCURY AND VENUS. 

340. Mercury is the nearest planet to the Sun that has yet 
been discoyered , and with the exception of the asteroids, is the 
smallest. Its diameter is about 8,000 miles. Its bulk, therefore, 
is about twenty times less than that of tlie Earth. It would 
require more than twenty millions of such globes to compose a 
body equal to the Sun. 

Here Uie student should refer to the diftgrams, exhibiting the relative magnitudes And 
distances of th« Sun and Planets, Map L And whenever this sut^ject recurs in the course 
of this workf the student should r^cur to the flffures of thl« Map, until he is able to form 
in his mind distinct conceptions of tne relative magnitudes and distances of all the 
planets. The Sun and planets behig spheres, or nearly so, their relative bulks are esti- 
mated by comparing the cubes of their diameters : thus, the diameter of Mercury being 
9,999 miles, and that of the Sarth 7,912 ; fheir bulks are as the cube of 2,968, to the cube 
of T,912, or as 1 to 20, nearly. 

341. Mercury revolves on its axis from west to east in 24 
hours, 5 minutes, and 28 seconds; which makes its day about 
10 minutes longer than ours. It performs its revolution about 
the sun in a few minutes less than 88 days, and at a mean di9> 
tance of about 35,000,000 of miles. The length of Mercury's 
year, therefore, is equal to about three of our months. 

The rotaUon of a planet on Its axis, constltatee its daj; Its rerolation sbont the Sun 
constitutes its year. 

342. Owing to the dazzling brightness of Mercury, the swift- 
ness of its motion, and its nearness to the Sun, astronomers 
have made but comparatively few discoveries respecting it. 
When viewed through a telescope of considerable magnifyuig 
power, it exhibits at different periods all the various phases of 
the Moon ; except that it never appears quite full, because its 
imlightened hemisphere is never turned directly towards the 
Earth, only when it is behind the Sun, or so near to it as to bo 
hidden by the splendor of its beams. Its enlightened hemisphere 
being thus always turned towards the Sun, and the opposite one 
being always dark, prove that it is an opaque body, similar to 
the Earth, shining only in the light which it receives from the 
Sun. 

343. Mercury is not only the most dense of all the planets, 
but receives from the Sun six and a half times as much light and 

840. Sul)|)ect of Chapter III.f Sise and position of Mercury? What map Qlustratei 
this safciject? 841. State the time of Mercury's revolution upon his axis? How does 
tli.'9 compare with the Earth ? His period of revolution around the Sun f 842. What 
euid of discoveries upon Ilercury, his phases, Ac. ? What proof that be Is opaque f 
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heat as the Earth. The trath of this estimate, of course^ 
depends upon the supposition that the intensity of solar light and 
heat at the planets, varies mversely as the squares of their dis- 
tances from the Sun. 
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In this diagram the llfht is seen passing in right lines, from the sun on the left toward 
the several planets on the right. It is also shoim that the surfaces A, B, and G receive 
equal quantities of light, though B is four times, and G nine times as large as A ; and as 
the light falling upon A is spread over four times as much surface at B, and nine times as 
'much at G, it follows that it is onlv one-ninth as intense at 0, and one-fourth at B, as it 
is at A. Hence the rule, that the light and heat of the planet is, inverseljf, ae the equo res 
of their ret^)ectii)e dittanoee. 

The student may not exactly understand this last statement. The square of any num- 
ber is its product, when multiplied by itself. Now suppose we call the distances A, B, 
and 0, 1, 2, and 8 miles. Then the square of 1 is 1 ; the square of 8 is 4; and the square 
of 8 is i). The light and heat, then, would be in ini^eree proportion at these three iioints, 
as 1, 4, and 9 : that is, four times less at B than at A, and nine times less at 0. These 
amounts we sliould state as 1, )|(, and one-ninth. 

344. This law of analogy, did it exist with rigorous identity 
at all the planets, would be no argument against their being 
inhabited ; because we are bound to presume that the All-wise 
Creator has attempered every dwelling-place in his empire to the 
physical constitution of the beings which he has placed in it. 

From a variety of facts which have been observed in relation to the production of 
naloric^ it does not appear probable, that the degree of heat on the surface of the differ- 
ent planets depends on their respective distances from the Sun. It is more probable, that 
it depends chiefly on the distribution of the suhstanee of calorio on the surfaces, and 
throughout the atmospheres of these bodies, in different quantities, according to the dif- 
ferent situations which they occupy in the solar system ; and that these different quan 
titles of caloric are put into action by the influence of the solar rays, so as to produce 
that degree of senHole heat requisite to the wants, and to the greatest benefit of each ol 
the planets. On this hypothesis, which is corroborated by a great variety of facts and 
experiments, there may be no more sensible heat experienced on the planet Mercor/, 
than on the surface of Herschel, which is fifty times farther removed from the Sun. 

345. The rotation of Mercury on its axis, was determined 
from the daily position of its horns, by M. Schroeter, who not 
only discovered spots upon its surface, but several mountains iu 
its southern hemisphere, one of which was lOf miles high — 
nearly three times as high as Chimborazo, in South America. 

848. His density, and light and heat? Upon what rule is this estimate bawdt Mi. 
Would not this law of analogy make against the doctrine that the planets art lateb* 
Ited? Is it probable that this law does prevail? Upon what may the relative hMt«f dM 
iilanets depend? 845. How was his diurnal revolution determined, and by 
What said of his surface? What observation respecting mountains in 



sr» 



rtE PRIMARY PLANETS — ^MERCURY AND VENUS. 179 

ft is worthy of observation, that the highest mountains which hare been discovered ii. 
Mercury, Venus, the Moon, and perhaps we may add the Earth, are all situated in theii 
southern hemispheres. 

346. During a few days in March and April, August and Sep- 
tember, Mercury may be seen for several minutes, in the morn- 
ing or evening twilight, when its greatest elongations happen in 
those months ; ill all other parts of its orbit, it is too near the 
Sun to be seen by the naked eye. The greatest distance that it 
ever departs from the Sun, on either side, varies from 16° 12', 
to 28° 20', aliernatdy. 

The distance of a planet from the Sun, as seen from the Earth 
(measured in degrees), is called its elongation. The greatest 
absolute distance of a planet from the Sun is denominated its 
aphelion^ and the least its perihdion. 

341. The revolution of Mercury about the Sun, like that of 
all the planets, is performed from west to east, in an orbit which 
is nearly circular. Its apparent motion, as seen from the Earth, 
is, alternately, from west to east, and from east to west, nearly 
in straight lines ; sometimes directly across the disc of the Sun, 
but at all other times either a little above or a little below it. 

Were the orbits of Mercury and Venus in the same plane with that of the Earth, they 
would cross the Sun's disc at every revolution ; but as one-half of each of their orbits is 
rbove^ and the other half below the ecliptic, they generally appear to pass either abort 
or below the Sun. 
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Let the right line A, Joining the Earth and the Sun in the above diagram, represen 
the plane of the ecliptic. Now when an interior planet is in this plane, as shown at A, 
It may appear to be upon the Sun*s disc ; but if it is either above or below the ecliptic^ 
as shown at B and G, it will appear to pass either above or below the Sui^, as shown at 
]) and E. 

For the relative position of the planets* orbits, an 1 their inclination to the plane of the 
ecliptic, see 1, of the Atlas. Here the dotted lines continued from the darlc lines, 
denote the inclination of the orbits to the plane of the ecliptic, which inclination is 
marlced in figures on them. Let the student fancy as many circular pieces of pHi»er 
Intersecting each other at the several angles of inclination marked on the Map, and be 
will be enabled to understand more easily what is meant by the " inclination of the 
planets' orbits." 

348. Being commonly immersed in the Sun's rays in the even- 
ing, and thus continuing invisible till it emerges from them in 
the morning, Mercury appeared to the ancients like two distinct 
stars. A long series of observations was requisite, before they 

846. Whea nay Mercury be seen? Why not at other times? How far does it depart 
from the Sun »n either side? What is meant by the elongation of a planet ? lis aphe- 
Mon and penheiton f 847. In what direction do the planets revolve around the Suu f 
Wliat is the fppparttU motion of Mercury ? Do they ever cross the Sun's disc ? W hj 
not at every rsvoiutiou f 848. How was Mercury regarded by tliu anoioutsf 
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recognized the identity of the star which was seen to recede 
from the Snn in the morning with that which approached it it 
the evening. Bnt as the one was never seen until the other 
disappeared, both were at last found to be the same planet, which 
thus oscillated on each side of the San. 

349. Mercury's oscillation from west to east, cr from east to 
west, is really accomplished in just half the time of its revolution, 
which is abbut 44 days ; but as the Earth, in the mean time, 
follows the Sun in the same direction, the apparent elongations 
will be prolonged to between 55 and 65 days. 

350. The passage of Mercury or Venus directly between the 
Earth and the Sun, and apparently over this disc, is called n 
Transit. A transit can never occur except when the interior 
planet is in or very near the ecliptic. The Earth and the plauot 
must be on the same side of the ecliptic ; the planet being at 
one of its nodes, and the Earth on the line of its nodes. . 



PBILOflOrHT or TBAmfB. 




This cut represents the ecliptic and sodiac, with the orbit of an hitenor planet, hli 
nodes, kc. The line of his nodes is, as shown, in the 16* of b and the 16* of ni. Now if 
the earth is in b , on the line L N, as shown in the cut, when Mercury is at hia aaeending 
node {Q ), he will seem to pass upward over the Sun*s face, like a dark spot, as repre* 
sented in the fiffure. On the other hand, if Mercury is at his deaoending node (0), 
when the earth Is in the 16* of HI, the former will seem to pasa dowmoara acroas the 
disc of the Sun. 

351. As the nodes of his orbit are on opposite sides of the 
ecliptic, and are passed by the Earth in May and November, it 
follows that all transits of Mercury must occur in one or the 
other of these months. They are, therefore, called the Nbdt 
months. As is shown in the diagram, the Earth passes the 

S49. In what time is the oscillation of Mercury from east to west reallj acoompliBhedf 
What is the apparent time, and why ? 850. What is a trantU t When do th^uoev f 
What are the \utd^ of a planet's orbit? The Mm of the nodes 9SL Whal aro llH 
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aficending Node of Mercury in November, and the descending in 
May ; the former of which is in the 16 th degree of Taurus, and 
the latter in the 16th degree of Scorpio. 

AG the transits of- Mercury erer noticed liare occurred In one or the other of thccc 
months, and for the reason already assigned. The first erer obserred tooic place Novem- 
ber 6; 1031 ; since which time there have been 89 others by the same pUnefe— in all 80 « 
9 in May, and 22 in Norember. n 

352* The last traubit of Mercury occurred November 11, 1861 ; 
and the next will take place November 4, 1868. Besides this, 
there will be four more during the present century — two in May., 
and two in November. 
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The accompanying cnt la a de- 
lineation of aU the transits of Mer* 
cury from 1802 to the close of the 
present centnry. The dark line 
running east and west across the 
Sun's center represents the plane 
of the ecliptiCf and the dotted lines 
the apparent paths of Mercury in 
the several transits. The planet 
is shown at its nearest point to the 
Sun*8 center. Its path in the last 
transit and in the next will easily 
oe found. 

The last transit of Mercury was T 
observed In this country by Pro- 
fessor Mitchel, at the Cincinnati 
Observatory, and by many others 
both in America and in Europe. 
The editor had made all necessary 
preparation for observing the phe- 
nomenon at his residence, near 
Oswego, New York ; but, unfor- 
tunately, his sky was overhung 
with clouds., which hid the sun 
from his view, and disappointed aU 
his hopes. 

353. By comparing the mean motion of any of the planets 
with the mean motion of the Earth, we may readily determine 
the peloids in which they will return to the same points of their 
orbit, and the same positions with respect to the Sun. The 
knowledge of these periods will enable us to determine the hour 
when the planets rise, set, and pass the meridian, and in general 
all the phenomena dependent upon the relative position of the 
Earth, the planet and the Sun ; for at the end of one of these 
periods they commence again, and all recur in the same order. 

We have only to find a number of sidereal years, in which the planet complctfti 
exactly, or very nearly, a certain number of revolutions ; that is, to find such a nurotier 
*f planetary revolutions, as, vrhen taken together, shall be exactly equal to one, or any 
lumber of revolutions of the Earth. In the case of Mercury this ratio will be as 8T.9fiv 
8 to 365.256. Whence find that, 
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node months of a planet? The node months of Mercury? S52. When did thelant 
transit of Mercury occur? When will the next take place? What ethers during the 
present centnry ? What said of the last transit of Mercury ? 853. How may we deter 
nhtt when trf nsIS will ooenr ? What ratio is found between the rerolationi of Mercwr} 
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354. The sidereal revolution of a plaoet respecta its ahsoluU 
motioD ; and ia measnred by the time the planet takes to rerolye 
from anj fixed Gtar to the same stur again. The tmodiml revo- 
lutioD of a planet respects its rtiative motion ; and is measured 
by the time that a planet occupies in coming back to the same 
position with respect to the Earth and the Sun. 
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355. The ahgoUte motion of Mercury in its orbit ifl 105,330 
miles an hour ; that of the Earth is 85,533 miles ; the differ 
ence, 39,797 miles, is the mean relative motion of Mercury, with 
respect to the Earth. 

The ililorcil rcTDlutlon of UercuTT <• BT<I. SSh. IBm. 44i. lU tv»odieal rtnlBUon k 

Hnn Ihe Earth! 8M. Whit li m tfUrtat rtiolutliin <tt ■ pluelf A ftHtsdHxif i 
BW. WhAtlsthe dlnolutt mollDD oIMarcarytD hit orbit! WItU Li tkilof tht lEtih) 
ThB durersnct, or rrlatirt molLoD or Mimnr/T What li tab tUUr-xU r«ladt tlu 
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found by dividing the wh< <b circamference of 860* by its relative motion in respect to the 
Earth. Thus, the mean daily motion of Mercury is 14732' .655; that of the Earth is 
8548' .818 ; and their diiferepce is 11184' .287, being Mercury's relative motion, or what it 
gains on the Earth every day. Now by simple proportion, 11184'.287 is to 1 day, ais 860* 
Is to 115d. 21h. 8', 24', the period of a synodical revolution of Mercury. 



VENUS. 

356. There are but few persons who have not observed a 
beautiful star in the west, a little after sunset, call the evcmng 
star. This star is Venus. It is the second planet from the 
Sun. It is the brightest star in the firmament, and on this 
account easily distinguished from the other planets. 

If we observe this planet for several days, we shall find that 
it does not remain constantly at the same distance from the Sun, 
but that it appears to approach, or recede from him, at the rate 
of about three-fifths of a degree every day ; and that it is some- 
times on the east side of him, and sometimes on the west, thus 
continually oscillating backwards and forwards between certain 
limits. 

35t. As Venus never departs quite 48° from the Sun, it is 
never seen at midnight, nor in opposition to that luminary ; 
being visible only about three hours after sunset, and as long 
before sunrise, according as its right ascension is greater or less 
than that of the Sun. At first, we behold it only a few minutes 
after sunset ; the next evening we hardly discover any sensible 
change in its position ; but after a few days, we perceive that 
it has fallen considerably behind the Sun, and that it continues 
to depart farther and farther from him, setting later and later 
every evening, until the distance between it and the Sun is 
equal to a little more than half the space from the horizon to the 
zenith, or about 46°. It aow begins to return toward the Sun, 
making the same daily progress that it did in separating from 
him, and to set earlier and earlier every succeeding evening, 
until it finally sets with the Sun, and is lost in the splendor of 
his light. 

358. A. few days after the phenomena we have now described, 
we perceive, in the morning, near the eastern horizon, a bright 
star which was not visible before. This also is Venus, which is 
now called the morning star. It departs farther and farther 
from the Sun, rising a little earlier every day, until it is seen 

866. Describe Venus. What called? Distance firom the Sun? What change of posi- 
tion observable ? 857. Greatest distance to which she departs from the Sun? What 
«K>n9«qu«iieet Uow and when seen? 358. What next after these pbenom«na? 
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about 46° west of him, where it appears stationary for a few 
days ; then it resumes its course towards the Sun, appearing 
later and later every morning, until it rises with the Son, and 
wo cease to behold it. In a few days, the evening star again 
appears in the west, very near the setting sun, and the same 
[)hcnomena are again exhibited. Such are the visible appear- 
ances of Venus. 

359. Venus revolves about the Sun from west to east in 224f 
days, at the distance of about 66,000,000 of miles, moving in her 
orbit at the rate of 77,000 miles an hour. She turns around on 
her axis once in 23 hours, 21 minutes, and 7 seconds. Thus her 
day is about 25 minutes shorter than ours, while her year is 
equal to 7^ of our months, or 32 weeks. 

360. The mean distance of the Earth from the Sun is esti- 
mated at 91,500,000 miles, and that of Venus being 66,000,000, 
the diameter of the Sun, as seen from Venus, will be to his dia- 
meter as seen from the Earth, as 91^ to 66, and the surface of 
his disc as the square of 91^ to the square of 66, that is, as 
8372 to 4356, or as 2 to 1, nearly. The intensity of light and 
heat being inversely as the square of their distances from the 
Sun (No. 342), Venus receives twice as much light and heat as 
the Earth. 

361. The orbit of Venus is within the orbit of the Earth ; 
for if it were not, she would be seen as often in opposition to the 
Sun, as in conjunction with him ; but she was never seen rising 
in the east while the Sun was setting in the west. Nor was she 
ever seen in quadrature, or on the meridian, when the Sun was 
either rising or setting. Mercury's greatest elongation being 
about 23° from the Sun, and that of Venus about 46°, the orbit 
of Venus must be outside of the orbit of Mercury. 

362. The diameter of Venus is about 7.500 miles ; but her 
apparent diameter and brightness are constantly varying, accord, 
ing to her distance from the Earth. When Venus and the 
Earth are on the same side of the Sun, her distance from the 
Earth is only 26,000,000 of miles ; when they are on opposite 
sides of the Sun, her distance is 158,000,000 of miles. Were 
the whole of her enlightened hemisphere turned towards us. 
when she is nearest, she would exhibit a light and brilliancy 

859. What is Venus* sidereal period? Distance from tlie Sun? Rate of molioii 
Time of rotation upon her axis? How, then, do her day and year compare with oonf 

860. How must the Sun appear from Venus, and why? What of her Ught and heaif 

861. Where .s the orbit of Venus situated ? What proof of this ? 868. Venus* 
trr ? llir apiHjrent diameter ? State her least and greatest distances fross the ' 
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twenty-five times greater than she generally does, and appear 
like a small brilliant moon ; but, at that time, her dark hemi- 
sphere is turned towards the Earth. 

When Yeniu. approaches nearest to the Earth, her appareniy or observed diameter lu 
61'.2; when most reiuote, it is only 9'.6; now 61' .2-«-9'.6=6H. hence when nearest the 
Earth her apparent diameter is 6 ^-^ times greater than when most distant, and surface 
of her disc i€/i'y^ or nearly 41 times greater. In this work, the apparent size of tho 
heavenly bodies is estimated from the apparent surface of their discs, which is always 
proportional to the squares of their apparent diameters. 

363. Mercury and Venus are called Interior planets, because 
their orbits are within the Earth's orbit, or between it and the 
Sun. The other planets are denominated Exterior ^ because their 
orbits are witliout or beyond the orbit of the Earth. (Map I.) 
As the orbits of Mercury and Venus lie within the Earth's orbit, 
it is plain, that once in every synodical revolution, each of these 
planets will be in conjunction on the same side of the Sun. In 
the former case, the planet is said to be in its inferior conjunc- 
iion, and in the latter case, in its superior conjunction ; as in the 
following figure. 



MARS IN. CONJUNCTION 
^- ^"' •.. 

•* -/ *• 

O 




— ^— ^- 

MARS IN OPPOSITION 



Let the student imagine him- 
self stationed upon the earth in 
the cut Then the sun and three 
planets above are in conjunO' 
Hon. The inferior and supe- 
rior are distinguished ; while at 
A, a planet is shown in qiuidra- 
ture^ and at the bottom of the 
cut the planet Mars in opposi- 
tion with the sun and interior 
planet. 

The period of Venos* synod! 
cal revolution is found in the 
same manner as that of Mer- 
cury; namely, by dividing the 
whole circumference of her orbit 
by her mean relaii>ve motion in 
a day. Thus, Venus* ahsohUe 
mean daily motion is 1* W 7'.8, 
the Earth's is 50' 8'.a, and theii 
difference ib 86' 59'.5. Divide 
800* by 86' 59* J», and it gives 
588.990, or nearly 584 days for 
Venus' synodical revolution, or 
the period in which she is 
twice in conjunction with the 
Earth. 



364 When Venus' right ascension is less than that of the 
Sun, she rises before him ; when greater, she appears after his 
setting. She continues alternately morning and evening star, 
for a period of 292 days, each time. 

How would she appear if we saw her enlightened side when nearest to oaf What com- 
putation in the fine print? 868. How are Mercury and Venus distinguished, and why f 
What «aid of canjuncU(ms t Describe the inferior and superior t How is the period of 
Venns' Bynodical revolution found? 864. When is Veuus evening star? Morn«ivV 
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nun rua, iriU nqaire £82 iUt>, iIdcg 2Sa<SI'=ll>«04', or IBO- nurly. 

3C5. Venus passes from her inferior to her superior conjunc- 
tion in about 292 days. Ai her inferior conjnactioD, she is 
26,000,000 of miiea from the Eurth ; at her superior conjunc- 
tion, 158,000,000 of miles. It might be expected that her bril- 
liancy would be proportionally increased, in the one case, and 
diminished in the other ; and so it would be, were it not that 
her enlightened hemisphere is turned more and more from ns, as 
she approaches the Earth, and comes more and more into view 
as she recedes from it. It is to this cause alone that we must 
attribute tlie uniformity of her splendor, as it usually appears to 
the nalted eye. 

366. Mercury and Venus present to ns, successively, the 
variOQs shapes and appearances of the Moon ; waxlog and 
waning tlirough dificrent phases, as shown in the following cut, 
from the beautiful crescent to tlie full rounded orb. This fact 
shows, that they revolve around tlie Sun, aud between the Sun 
and the Earth. 
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S67. From her inferior to her superior conjunction, Venn?, 
appears on the west side of the Sun, and is then our mornui)i 
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Star J from her snperior to her inferior conjnnction she apptiorii 
■ID the east side of the Snn, and is thea our eTeaing star. Tlie§e 
phenomena are illustrated by the following diagram. 
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868. Like Mercury, Venus sometimes seems to be stationary. 
Her apparent motion, like his, is sometimes rapid ; at one time, 
direct, and at another, Tdrograde ; vibrating alternately back- 
wards and forwards, from west to east, and from east to west. 
These vibrations appear to extend from 4.5° to 47°, on each side 
of the Sun 

tM Vmoi.' 

369. In passing from her western to her eastern elongation, 

M8. Il abs twr ilaHojiarvt Whai other IrretalBrllLcl In her aptatent moEliia! 
act. Whan ta Iwr moUim iireBlt Vhta ntrvorodtt WIitd suU npidt Whn 
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her motion is from west to east, in the order of the signs; it ia 
thence called dired motion. In passing from her eastern to her 
western elongation, her motion with respect to the Earth is 
from east to west, contrary to the order of the signs ; it is 
thence denominated retrograde motion. Her motion appears 
quickest about the time of her conjunctions ; and she seems sta- 
tionary at her elongations. She is brightest about thirty-six 
days before and after her inferior conjunction, when her light is 
so great as to project a visible shadow in the night, and some- 
times she may be seen with the naked eye even at noon-day. 



DmxOT ASD RBTBOOnADB MOTIOISS. 



The cause of the apparent re- 
trogression of the interior planets 
is the fact that they revolye much 
more rapidly than the earth, from 
which we view them ; causing 
their direct motion to appear to 
be retrograde. 

Suppose the earth to be at A, and Veniui at 
B, she would appear to be at 0, among th« 
stars. If the earth remained at A whilo 
Venus was passing from B to D, she would 
seem to retrograde from C to E; but as the 
earth passes from A to F while Venus goe^ 
from B to D, Venus will appear t^ be ati'Q- 
and the amount of her apparent westward 
y \ • '• motion will only be from C to O. 

\ \ / \ y 370. If the orbit of Yenus lay 

exactly in the plane of the Earth's 
orbit, she would pass centrally 
across the Sun's disc, like a dark 
round spot, at every inferior conjunction; but, as one-half 
of her orbit lies about 3i° above the ecliptic, and the other half 
as far below it, she will always pass the Sun a very little above 
or below it, except when her inferior conjunction happens in, or 
near one of her nodes ; in which case she will make a transit 
(See cuts, pages 179 and 180.) 

This phenomenon, therefore, is of very rare occurrence ; it can 
happen only twice in a century ; because it is only twice in that 
time that any number of complete revolutions of Venus are just 
or nearly equal to a certain number of the Earth's revolutions. 

The principle which was fflustrated in predicttng the transits of Mercury, appBei 
equally weU to those of Venus ; that is, we must find such sets of numbers (reprasentiof 

orightest? Stote the cause of the apparent retrograde motion? 810. WTiy have we asj 
•I transit at erery revolution of Venus? How frequent, therefore f How pradtotodl 
When do her nodes cut the ecliptic? 
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oomplete revolutions of the Earth and Venas) ka shall be to each other in the "atio cf 
thnir periodical times, or as 865.256 is to 224.7. Thus : the motion of Yenus, in the Julian 
fears, is 2106591'.52 ; that of the Earth for the same period being 129627'.45, the ratio 

will be VlV^W 'i* 5 ' ^" *^^ ^^^ terms of this fraction cannot be reduced by a com 
mon divisor, we must multiply them by such numbers as will malce one a multiple of the 
other ; accordingly, 18 times the denominator will be nearly equal to 8 times the nume> 
rator ; and 475 times the dez^^^minator will equal 291 tiroes the numerator. 

By combining these two periods and their multiples by addition and subtraction, wo 
shall obtain the period of all the transits that hare ever happened. Thus : 291— 8 x 7=289, 
%nother period ; and 291 —6 x 8=248, another period, and so on. Whenc e we find that 
8 periodical revolutions of the Earth are equal to 18 of Venus : 
285 periodical revolutions of the Earth are equal to 8S2 of Yenus : 
248 periodical revolutions of the Earth are equal to 395 of Yenus : 
261 periodical revolutions of the Earth are equal to 408 of Yenus : 
291 periodical revolutions of the Earth are equal to 475 of Yenus. 
Hence a transit of Yenus may happen at the same node, after an interval of 8 years , 
but if it do not happen then, it cannot take place again at the same node, in less than 
885 years. The orbit of Yenus crosses the ecliptic near the middle of Gemini and Sagit> 
tarius ; and these points mark the position of her nodes. At present, her ascending node 
Is in the 14th degree of Gemini, and her descending node in the same degree of Sf.gic* 
tarius. 

371. The node months of Venus are December and June. 
The line of her nodes lies in Gemini ( n ) and Sagittarius ( # ) ; 
and as the Earth always passes those points in the montha 
named, it follows that all transits of Yenus must occur in those 
months for ages to come. 

This proposition will be well understood by consulting the ent on page qOo ; for as tho 
line of Yenus* nodes is only one sign ahead of ^at of Mercury, the Earth will reach 
that point in lite ecliptic in one month after she passes the line of Mercury's nodes; so 
that if his transits occur in May and November, hers should occur in June and December, 
as is always the case. 

272. The first transit ever known to have been seen by any 
human being, took place at the ascending node, December 4th, 
1639.* If to this date we add 235 years, we shall have the 



^ This phenomenon was first witnessed by Horrox, a young gentleman about 21 years 
of age, living in an obscure village 15 miles north of Liverpool. The tables of Kepler, 
constructed upon the observations of Tycho Brahe, Indicated a transit of Venus in 1681, 
but none was observed. Horrox, without much assistance from books and instruments, 
set himself to inquire into the error of the tables, and found that such a phenomenon 
might V, expected to happen in 1689. He repeated his calculations during this interval, 
with all the carefulness and enthusiasm of a scholar ambitious of being the first to predict 
and observe a celestial phenomenon, which, from the creation of the world, had never 
been witnessed. Confident of the result, he communicated his expected triumph to a 
confidential friend residing in Maachoster, and desired him to watch for the event, and 
to take observations. So anxious was Horrox not to fail of witnessing it himself, that he 
commenced his observatinnu the day before it was expected, and resumed them at the 
rising of the Sun on the morrow. But the very hour when his calculations led him to 
ixi»ect the vi>*ible appearance of Yenus on the Sun's disc, was alw the appainted hater 
ivr the pufdlc worship of God on the Sabbath. The delay of a few minutes might 
deprive him for ever of an opportunity of observing the transit. If its very commence- 
ment were not noticed, clouds might intervene, and conceal it until the Sun should set: 
a.id nearly a century and a half would elapse before another opportunity would occur. 
He had been waiting for the event with the most ardent anticipation for eight years, and 
the result promised much benefit to the science. NotwWmtanding all this^ ffdrroa> 
Pu*iee 9U9pended hia obaervationa and ticice repaired to the House of Ood^ the Great 
Author of the bright works he delighted to contemplate. When his duty was thus per- 

871. Which are her node zuonths f a?2. When was tlw fintt tran9it«boerv«Rl t Vhaf 
fntcrcsflng anecdote f 
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time of the next transit at the same node, whish will accordingly 
happen in 1874. There will be another at the same node in 
1882, eight years afterwards. It is not more certain that this 
phenomenon will recur, than that the event itself will engross 
the attention of all the astronomers then living upon the Earth. 
It will be anticipated, and provided for, and observed, in every 
inhabited quarter of the globe, with an intensity of. solicitude 
which no natural phenomenon, since the creation, has ever 
excited. 

373. The reason why a transit of Venus should excite so great 
an interest is, because it may be expected to solve an important 
problem in astronomy, which has never yet been satisfactorily 
done : — a problem whose solution will make known to us the 
magnitudes and masses of all the planets, the true dimensions of 
their orbits, their rates of motion around the Sun, and their 
respective distances from the Sun, and from each other. It may 
be expected, in short, to furnish an universal standard of astro- 
nomical measure. Another consideration will render the obser- 
vation of this transit peculiarly favorable ; and that is, astrono- 
mers will be supplied with better instruments, and more accurate 
means of observation, than on any former occasion. 

So important, says Sir John Herschel, have these observations appeared to astronomers, 
that- at the last transit of Venus, in 1769, expeditions were fitted out, on the most efficient 
scale, by the British, French, Russian, and other governnoents, to the remotest corners of 
the globe, for the express purpose of making them. The celebrated expedition of Captain 
Oook to Otaheite, was ons of them. The general result of all the observations made oo 
this most memorable occasion, gave $'.5776 for the Sun*s horizontal parallax. 

374. The phenomena of the seasons of each of the planets, 
like those of the Earth, depend upon the inclination of the axis 
of the planet to the plane of its orbit, and its revolution around 
the Sun. The inclination of the axis of Venus to the plane of 
her orbit, though not precisely known, is commonly estimated at 
75°, as represented to the eye in the following cut : 

formed, and he had returned to his chamber the second time, his lore of scieace was 
gratified with (UU success; and he saw what no mortal eye had observed before ! 

If anything can add interest to this incident, it is the modesty with which the yooag 
astronomer apologizes to the world, for impending his observations at all. 

** I observed it," says he, ** from sunrise till nine o'clock, again a little before ten, and 
lastly at noon, and from one to two o'clock ; the rest of the day being devoted ; » higho* 
luiles, which might not be neglected for these pastimes." 

When the next ? When another ? How will it be regarded T 878. Why shonl J sucti 
an event excite general interest? Remark of Sir John Herschel f What expedition and 
what results? 874. Upon what do the m>z«oim of the planets depend? What b the 
iocbnation of Venus' axiF tc the plane o. .ler orbit? How !• h«r orbit rft!iatod vitJi 
i€fercn>j to the ecliptiGf 
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IMUVATIOS or TMOQ' AXU. 





NE OF vENUs;_£^arT_ 

PLANE OF THE CCLIPTtC 



TheorMfofYenas departs from the edipUc 83<%irhf]e her naeU is inclined to the 
plane of her orbit 75*, as shown in the abore figure. This oistinction should b« kept 
definitely in view by tiie student. 

315. The declination of the Sun on each side of Yenus' equa- 
tor, must be equal to the inclination of her axis : and if this 
extends to 75°, her tropics are only 15° from her poles, and her 
polar circles only 15° from her equator. It follows, also, that 
the Sun must change his declination more in one day at Venus^ 
than in five days on the Earth ; and, consequently, that he never 
shines vertically on the same places for two days in succession 
This may, perhaps, be providentially ordered, lo prevent the too 
great effect of the Sun's heat, which, on the supposition that it 
is in inverse proportion to the square of the distance, is twice as 
great on this planet as it is on the Earth. 

376. At each pole of Venus, the Sun con^mues half of her 
year without settmg in summer, and as long without rising in 
winter ; consequently, her polar inhabitants, like those of the 
Earth, have only one day and one night in the year ; with this 
difference, that the polar days and nights of Yenus are not quite 
two-thirds as long as ours. 

Between her polar circles, which are but 15° from her equator, 
there are two winters, two summers, two springs, and two 
autumns, every year. 13 ut because the Sun stays for some time 
near the tropics, and passes so quickly over the equator, the win- 
ters in that zone will be almost twice as long as the summers. 

The north pole of Yenus' axis inclines towards the 20th 
degree or Aquarius ; the Earth's towards the beginning of Can- 
cer ; consequently, the northern parts of Yenus have summer 
in the signs where those of the Earth have winter, and vue versd. 

377. When viewed through a good telescope, Yenus exhibits 
not only all the moon-like phases of Mercury, but also a variety 
df inequalities on her surface ; dark spots, and brilliant shades, 
hills and valleys, and elevated mountains. But on account of 

P76. What is the amount of the Sun's declination upon Venus ? What results f Wh.il 
supposed design in this arrangement? 876. What said of the polar regions of Yenus t 
What of her seasons? Uow is her north pole situated vrith respect to the heavcuMY 
What consequence? 877. How does Yenus appear through a lcks«0M' 
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the great density of her atmosphere, thetie incqaulittes aru pet 
c«ived with more difficolty than those apon the other planets. 



ID 1 



8'8. The mountains of Tenns, like those of Mercnry and th' 
Moon, are highest in the sonthern hemisphere. According to 
M. Schroeter, a nelcbrated Oennan astronomer, who spent more 
than ten years in observations upon this planet, Eome of ber 
mountains rise to the enormous height of from ten to twenty- 
two miles. The observations of Dr. Herschel do not indicate so 
great an altitude ; and he thinks, that in general they are con- 
siderably overrated. He estimates the diameter of Venns at 
8649 toiles ; making her hnik more than one-sixth larger thac 
that of the Earth. Several eminent astronomers aSrm, that 
they have repeatedly seen Venus attended by a satellite, and 
they have given circumstantial details of its size and appearance, 
its periodical revolution and its distance from her. It is said to 
resemble onr Moon in its phases, its distance, and its magnitode. 
Other astronomers deny the existence of such a body, because 
it was not seen with Tenns on the Sun's disc, at the transits of 
1761 and 1789. It probably does not exist 

THE EABTH. 

379. The Earth is the place from which all onr observations 
of the heavenly bodies must necessarily be made. The apparent 
motions of these bodies being very considerably aifected by hei 
figure, motions, and dimensions, these hold an important place in 
astronomical science. It will, therefore, be proper to consider, 
first, some of the methods by which they have been deterraioed. 

If, standing on the sea-^hore, in a clear day, we view a ship 
leaving the const, in any dircclion, the hull or body of the vessel 

Whr l«n ttlillnct Ihnn th« atherptaneur STS. Whereire h«r hlgbtit mnantatn 
jItmMdr TbtlrhelgMt Rum.rt of Dr. MwKhel t HU ttidinUe ot VennC dkamcki! 
Wkal uld ibMit > lOtUUt Bround Veouif sn. ReUtion or Ihe Hrlli to tbt etks 
rlBDeli In Ihe eiudj or utnmomjt Wtial ucuurr, IbcKlcrer Wbat proof ol IH 
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8rst disappears ; afterwardi the rig^g, and lastly thu top of 
thn mast vanisbes from onr sight. 







380. Again : navigatorB have sailed qtiit« aroond the Earth, 
and thus proved its convesity. 
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381. These navigators, by sailing in a westerly direction, 
allowance being made for promootories, &;c., arrired at the coun- 
try they sfuled from. Honce the Earth must be either cylindri- 
cal or globular. It cannot be cylindrical, because, if so, the 
meridian distances would all be eqnal to each other, which is 

le, In Snalb, Aogi 
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coutrarj to observation. The figare of the liU.'th in, therefore 
e])hericul. 

382. The convezitj of tbe Karth, north and south, is proved 
bj the variation in the altitude of tbe pole, and of the cireum- 
polar Btars -, this is found uniforml; to increase as we approach 
them, and to diminish as we recede from them. 




S83. The form of the Earth's ghadow, as seen upon the Moon 
in Bu eclipse, indicates the globular figure of the Earth, and the 
consequent convesity of its surface. 
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^ere the Earth a cuhe as •hoim at A, or in th« form of a prUnt^ as represented at B. 
Her shadow would be more or less cubical or prismatic, as seen in the cut ; but insteaJ 
of this, it is canfMCB on all sideSf as represented at G, plainly indicating the convexity of 
the Earth by which it is caused. 

The curvature of the Earth for one mill is 8 inches ; and this curvature Increases with 
the square of the distance. From this general law it will be easy to «.«lculate the distanct 
at which any ofajfect whose height is given, may be seen, or to determine the height of an 
abject when the distance is known. 

Ist To find the height of the object when the distance is given. 

Rdlk. Find the itquare of the dintance in mUe»^ and taxe two-thirds of that number 
for the height in feet. 

Ex. 1. — How high must the eye of an observer be raised, to see the surface of the 
ocean at the distance of three miles ? Ann. The square of 8 ft. is 9 ft., and ^ of 9 ft. is 
6 ft. Ex. 2. — Suppose a person can Just see the top of a spire over an extended plain of 
ten miles, how high is the steeple? Ana. The square of 10 is 100, and H of 100 is 
66^ feet. 

2. To find the distance when the height is given. 

RuLK. Jncreaee the height in feet one-ha^y and eaetraci the square rooi^ for the di§ 
tance in miles. 

Ex. I. — Uow far can a person see the snrfaed of a plain, whose eye is elevated six 
feet above it? Ans. 6, increased by half, is 9, and the square root of 9 is 8: the distai>e* 
is then 8 miles. Ex. 2. — ^To what distance can a person see a lighthouse whose height 
is 96 feet from the level of the ocean ? Ans. 96 increased by its half, is 144, and th« 
square root of 144, is 12; the distance is therefore 12 miles. ^ 

8. To find the curvature of the Earth when it exceeds a mile. 

Rule. Multiply the ^qnmre ^the tUtttme^ by .OOOlStd^ 

384. Although it appears from the preceding facts, that the 
Earth is spherical, yet it is not a perfect sphere. If it were, th« 
length of the degrees of latitude, from the equator to the poles, 
would be uniformly the same ; but it has been found, by the 
most careful measurement, that as we go from the equator 
towards the poles, the length increases with the latitude. 

These measurements have been made by the most eminent mathematicians of different 
countrita, and in various places, from the equator to the arctic circle. They have found 
that a degree of latitude at the arctic circle was nina-s^deenths of a mile longer than a 
degree at the equator, and that the ratio of increase for the intermediate degrees was 
nearly as the squares of the sines of the latitude. Thus the theory of Sir Isaac Newton 
was confirmed, that the body of the Earth was more rounded and convex betweeq the 
tropics, but considerably flattened towards the poles. 
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385. These measurements prove the Earth to be an ohlaU 
spherotdf whose longest or equatorial diameter is T926 miles, and 
polar diameter, T899 miles. The mean diameter is, therefore, 
about T912, and their diflference 27 miles. The French Acado- 

88«. But is the earth a Boheref Wliat proof to the contrary? 885. What, then, la 
•the eartli*8 real flgore ? What difference in her polar and equatorial diametere? Waal 
demoDBtrutioB tliat the earth is not an ezaet sphere? 

B.G 9 
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my have determiLsd that the mean diameter of the Earth, from 
the 4oth degree of north latitude, to the opposite degree of 
south latitude, is accurately 7912 miles. 

If the Earth irere an exact sphere, its diameter might bo 
determined by its curvature, from a singie measurement. Thus, 
iu the adjoining figure, we hare A B equal to 1 mile, and B I> 
equal to S inclies, to find A E, or B E, which does not sensibly 
differ from A E, since B D is only 8 inches. Now it is a propo> 
si*ion of Euclid (B. 8, prop. 36), that, when from a point with- 
out a circle, two lines be drawn, one cutting and the other 
touching it, the touching line (B A) is a mean proportional bc< 
tween the cutting line (B E) and tliat part of it (B O) without 
the circle. 

BD: BA: : BE or A F very nearly. 
That is, 1 mile being equal to 63,360 inches, 
8 : 68,860 : : 1 : 7,920. miles. 
This is very nearly what the most elaborate calculations make the Earth's equatorial 
Aiameter. 

386. The Earth, considered as a planet, occapies a favored 
rank in the Solar System. It pleased the All-wise Creator to 
assign its position among the heavenly bodies, where nearly all 
the sister planets are visible to the naked eye. It is situated 
next to Yenns, and is the thu*d planet from the Sun. 

To the scholar who for the first time takes up a book on astronomy, it will no doubt 
seem strange to find tho Earth classed with the heavenly bodies. For what can anpear 
more unlike, than the Earth, with her vast and seemingly immeasurable extent, and the 
stars, whieh appear but as points? The Earth is dark and opaque, the celestial bt/dies 
are brilliant. We perceive in it no motion ; while in them we observe a continual change 
of place, as we view them at different hours of the day or night, or at different seasons 
of the year. 

38 T. It moves round the Sun from west to east, in 365 days, 
6 hours, 48 minutes, and 48 seconds ; and turns the same way, 
on its axis, in 23 hours, 56 minutes, and 4 seconds. The former 
is called its annual motion, and causes the vicissitudes of tho 
seasons. The latter is called its diurnal motion, and prodacefl 
the sucx;ession of day and night. 

The Earth's mean distance from the Sun is about 91,500,000 
of miles. It consequently moves in its orbit at the mean rate of 
65,500 miles an hour. Its equatorial diameter being T926 miles, 
it turns on its axis at the rate of 1040 miles an hour. 

Thns,'thii Earth on whidi we stand, and which has served for ages as the unshaken 
foundation of the firmest structures, is every moment turning swiftly on its center, aru, 
at the same time, moving onwards with grejtt rapidity through the empty sp«ee. 

This compound motion is to be understood of the whole Earthy with all that it holdi 
within its substance, or sustains upon its surface— of the solid mass beneath, of the 
ocean which flop's around it, of the air that rests upon it. and of the clouds whxh float 
abcvc it in the air. 

8SC. What said of the position of the earth in the system ? What remark as to elasri 
fying the earth as a planet? 887. State the time of the earth's revolution around tho 
B'lcT On her own axis? What are they called, respectively ? VIThat is the eaith^i 
rs»aB distance firom the sanf Its mean rate of motion in its orbit? Hourly motloa if 
yHlIrs at the equator ? What twofold moti<Hi ttere ? Includes wh%t ? 
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388. That the Earth, in common with all the planets, revolyes 
aroand the San as a center, is a fact which rests npon the clear- 
est demonstrations of philosophy. That it revolves, like them, 
npon its own axis, is a truth which every rising and setting snn 
illustrates, and which very many phenomena concur to establish. 
Either the Earth moves around its axis every day, or the whole 
universe moves around it in the same time. There is no third 
opinion that can be formed on this point. Either the Earth 
must revolve on its axis every twenty-four hours, to produce the 
alternate succession of day and night, or the Sun, Moon, planets, 
comets, fixed stars, and the whole frame of the universe itself, 
must move around the Earth, in the same time. 

889. To suppose the latter case to be the fact, would be to 
cast a. reflection on the wisdom of the Supreme Architect, whose 
laws are universal harmony. As well might the beetle, that in 
a moment turns on its ball, imagine the heavens and the earth 
had made a revolution in the same instant. It is evident, that 
in proportion to the distance of the celestial bodies from the 
Earth, must, on this supposition, be the rapidity of their move- 
ments. The Sun, then, would move at the rate of more than 
400,000 miles in a minute ; the nearest stars, at the inconceiv- 
able velocity of 1,400,000,000 of miles in a second; and the 
most distant luminaries, with a degree of swiftness which no 
numbers could express, and all this, to save the little globe we 
tread upon, from turning safely on its axis, once in twenty-four 
hours. 

390. The idea of the heavens revolving about the Earth, is 
encumbered with innumerable other difficulties. We will men- 
tion only one more. It is estimated on good authority, that 
there are visible, by means of glasses, no less than 100,000,000 
of stars, scattered at all possible distances in the heavens above, 
beneath, and around us. Now, is it in the least degree probable, 
that the velocities of all these bodies should be so regulated, 
that, though describing circles so very different in dimensions, 
they should complete their revolutions in^exactlj^ the same time? 
In short, there is no more reason to suppose that the .heavens 
revolve around the Earth, than there is to suppose that they 
revolve around each of the other planets, separately, and at the 
same time ; since the same apparent revolution is common to 
them all, for they all appear to revolve upon their axis, in differ 
ent periods. 

S88. What two motions has the earthy What proof of her diamal rerolntion f 
^ hy Dot suppose the hearens revolve around us f 800. What (VirtbAt -\2ird^t\ 
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891. The rotation of the Earth determines the length of the 
dav, and may be regarded as one of the most important ele- 
ments iu astronomical science. It serves as an universal measure 
of time, and forms the standard of comparison for the revolu- 
tions of the celestial bodies, for all ages, past and to come. 
Theory and observation concur in proving, that among the innu- 
merable vicissitudes that prevail throughout creation, the period 
of the £arth's diurnal rotation is immutable. 



SOLAR AKD SIDEREAL TIME. 

392. The Earth performs one complete revolution on its axis 
in 23 hours, 56 minutes, and 4.09 seconds, of solar time. This 
is called a sidereal day^ because, in that time, the stars appear 
to complete one revolution around the Earth. 

But, as the Earth advances almost a degree eastward in it« 
orbit, in the time that it turns eastward around its axis, it is 
plain that just one rotation never brings the same meridian 
around from the Sun to the Sun again ; so that the Earth 
requires as much more than one complete revolution on its axis 
to complete a solar day, as it has gone forward in that time. 



* G- 



80LAB AND SIDBRia.L TUU. 
SIDCRCAL D^Y 




SUN ON the: meridian 



To the man at A the Sun (S) Is exactly on the meridian, or It is twelve o'clock, noon. 
His Earth passes ou from B to D, and at the same time revolves on her axis. ^Vhen she 
reaches D, the man who has stood on the same meridian has made a complete revolution, 
as determined by the star G (which was also on his meridian at twelve o'clock the day 
before) ; but the Sun is now east of the meridian, and he must wait/oi*r mintUe» for the 
Earth to roll a little further eastward, and bring the Sun again over his north and south 
line. If the Earth was not revolving around the Sun, her solar and sidereal days would 
be the same ; but an H is, she has to perform a little more than one complete revolution 
each solar day, to bring the Sun on the meridian. 

393. It is obvious, therefore, that in every natural or solar 
day, the Earth performs one complete revolution on its axis, and 
the 365th part of another revolution. Consequently, in 36i> 
days, the Earth turns 366 times around its axis. And as every 

99\. What relatiuu Tin- the earth's diurnal revolution to titne f What said of its rM> 
larity ? 8Stt. What is ine time required for a coniplete revolution? Explain the dlnr* 
ence between •olar and sid&real time? 898. Is a solar day more than a eompleti 
revolution of the earth on her axis? To what does this excess amount in a yeorf 
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rcTolation of the earth on its axis completes a sidereal daj, 
there mast be 366 sidereal days in a year. And, generally, 
since the rotation of any planet abont its axis is the length of a 
sidereal day at that planet, the nnmber of sidereal days will 
always exceed the number of solar days by one, let that number 
be what it may, one reyolution being always lost in the coarse 
of an annual reyolution. This difiference between the sidereal 
and solar days may be illustrated by referring to a watch or 
clock. When both hands set out together, at 12 o'clock for 
instance, the minute hand must travel more than a whole circle 
before it will overtake the hour hand, that is, before they will 
come into conjunction again. 

394. In the same manner, if a man travel around the Earth 
eastwardly, no matter in what time, he will reckon one day more, 
on his arrival at the> place whence he set out, than they do who 
remain at rest ; while the man who travels around the Earth 
westwardly will have out day less. From which it is manifest^ 
that if two persons start from the same place at the same time» 
but go in contrary directions, the one traveling eastward and 
the other westward, and each goes completely around the globe, 
although they should both arrive again at the very same hour 
at the same place from which they set out, yet they will disagree 
two whole days in their reckoiing. Should the day of their 
return, to the man who traveled westwardly, be Monday, to 
the man who travelled eastwardly, it would be Wednesday ; 
while to those who remained at the place itself, it would be 
Tuesday. 

395. Nor is it necessary, in order to produce the gain or loss 
of a day, that the journey be performed either on the equator, 
or on any parallel of latitude : it is sufficient for the purpose, 
that all the meridians of the Earth be passed through, eastward 
or westward. The time, also, occupied in the journey, is equally 
unimportant ; the gain or loss of a day being the same, whether 
the Earth be traveled around in 24 years, or in as many hours. 

396. It is also evident, that if the Earth turned around ita 
ttxis but once in a year, and if the revolution was performed the 
same way as its revolution around the Sun, there would be pei> 
petual day on one side of it, and perpetual night on the other. 

w — • — — - 

Hence what general rale? What illustratioo referred to? 894. What effect has tra* 
reling east or west, upon time ? Hence what resaitf 8i)5. Is it important that the sup- 
posed Journeys be performed in a short period? 89d. How would it be if tte Bartli 
rcTolTeU on her axis but once a year? 
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from theM facts the pui^ will readily comprehoid the princlidei ioTolved in a cnriooi 
problem which appeared a few years ago. It was gravely reported by an American ship, 
that, in sailing orer the ocean, it chanced to find ate Swndaya in February, The faust 
was insisted on, and a solution demanded. There is nothing absurd in this. The man 
who travels around the earth emiwardly^ will see the Sun go down a little earlier every 
succeeding day, tiian if he had remained at rest ; or earlier than they do who live at the 
place from which he set out. The faster he travels towards the rising sun, the sooner 
will it appear above the horiaon in the morning, and so much sooner will it set in the 
evening. What he thus gains in time^ will bear the same proportion to a solar day, as 
the distance traveled does to the circumference of the Earth. As the globe is 8d0 degrees 
in circumference, the Sun will a]H>ear to move over one twenty-fourth part of its surface, 
ar 14* every hour, which is 4 minutes to one degree. Consequently, the Sun will rise, 
come to the meridian, and set, 4 minutes sooner, at a place 1* east of us, than it will 
with us; at the distance of 2* the Sun will rise and set 8 minutes sooner; at the distance 
of 8*, 12 minutes sooner, and so on. 

Now the man who travels one degree to the east, the first day will have the Sun on his 
meridian 4 minutes sooner than we do who are at rest ; and tiie second day 8 minutes 
sooner, and on the third day 12 minutes sooner, and so on ; each successive day being 
completed 4 minutes earlier than the preceding, until he arrives again at the place flrom 
which he started : when this continual gain of 4 minutes a day will have amounted to a 
whole day in advance of our time : he having seen the Sun rise and set onee more than 
we have. Consequently, the day on which he arrives at home, whatever day of the 
week it may be, is one day in advance of ours, and he must needs live that dlay over 
again, by calling the next day by the same name, in ^rder to make the accounts 
harmonize. 

If this should be the last day of February in a bissextile year, it would also be the 
same day of the week that the Jlrsl was, and be six times repeated, and if it should 
happen on Sunday, he would, under these circumstances, have six Sundays in February. 

Again : whereas the man who travels at the rate of one degree to the east, will have 
all his days 4 minutes shorter than ours, so, on the contrary, Uie man who travels at the 
Fame rate towards the west, will have all his days 4 minutes longer than ours. When he 
has finished the circuit of the Earth, and arrived at the place from which he first set 
out, he will have seen the Sun rise and set once lese than we have. Consequently, the 
day he gets home will be OTie day after the time at that place; for which reason, if he 
arrives at home on Saturday, according to his own account, he will have to call the next 
d&jAfonday; Sunday having gone by before he reached home. Thus, on whatever day 
of the week January should end, in common years, he would find the same day r<;p<»ated 
vnly three times in February. If January ended on Sunday, he would, under these cir- 
cmmptances, find only three Sundays in February. 

39t. The Earth^s motion about its axis being perfectly equable 
and uniform in every part of its annual revolution, the sidereal 
days are always of the same length, but the solar or natural days 
vary very considerably at different times of the year. This varia- 
tion is owing to two distinct causes, the inclination of the Earth's 
axis to its orbit, and the inequality of its motion around the Sun. 
From these two causes it is, that the time shown by a well-regu- 
lated clock and that of a true sun-dial are scarcely ever the 
same. The difference between them, which sometimes amonnts 
to 16^ minutes, is called the Equaiion of Time, or the eqm^tion 
of solar days. 



What curious facts aceounted for f What supposition of a man travelinf eastward 
one degree a day? What effect upon the time of the Sun's passing the meridian? Upoc 
the length of his daj f What change of name may it require? 88T. Are tlie SMii 
and sidereal days alik % uniform as to leng^th ? >Vhy do solar days vary in langthf Wk| 
io not a iUo/and clock agree? What is the Equation </ Timet 
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■QVATioii or ma 
Iho diflbrenoe between N 

rxean and apparent time, 
•r, iu other words, between 
Sguin/HsUal and JScUpUe 
time, may be further shown 
by this figure, which repre- 
sents the circles of the 
sphere Let it be first pre* 
niised, that equinoctial time 
is dock time; and that 
eeUpUe time is eolar or 
itpparent time. It appears 
that from Aries to Cancer, 
the Sun in the ecliptic comes 
to the meridian bejbre the 
equinoctial Sun ; from Can- 
cer to I4bra, afier it; from 
Libra to Capricorn b^re 
it; and firom Capricorn to 
Aries after it. If we notice 
what months the Sun is in 
these several quarters, we 
shall find that ft>om the 25tk 
of December to the 16th of 
April, and firom the 16th of 
June to the 1st of Septem- 
ber, the doekiejiuter than 
the sun-dial ; and that, from 

the 16th of April to the 16th of June, and from the Ist of September to the 26th of De;^, 
the eun-dial is Cuter than the dock. 

398. It is an nniyersal fact, that, while none of the planets are 
perfect spheres, none of their orbits are perfect circles. The 
planets all reyolye aboat the Snn, in ellipses of different degrees 
of eccentricity ; haying the San, not in the center of the ellipse, 
bat in one of its foci. 

The figure A D B S is an tXUpM. The line A B Is 
called the transrerse axis, and the line drawn through 
the middle of this line, and perpendicular to it, is the 
coi\Jugate axis.* The point C, the middle of the trans- 
verse axis, is the oenter of the ell^e. The points 
F and f, equally distant from C, are called the fod, 
F, the distance from the center to one of the foci, 
ts called the eeeratrieity. The <Mrbits of the planets 
being ellipses, having the Snn in one of the -foci, if 
A D B B be the erUt of a planet, with the Sun in the 
focus F, when the planet is at the point A, it will be in 
its perihMon^ or nearest the Snn ; and when at the 
point B In its a^^eUon^ or at its greatest distance 
from the Swi. The difference in these distances is 

evidently equal to F f, that is, equal to twice the eccentricity of its orbit In every revo* 
tution, a planet passes through its perihelion and apheUon. The eccentricity jf the 
larth's orbit Is about one and a half millions of miles ; hence she is 8,000,000 of mfles 
nearer the Sun in her perihelion, than in her aphelion. 

Now as the Sun remains fixed in the lower focus of the Earth's orbit. It Is easy to per- 
ceive that a line, pasping centrally through the Sun at right angles with the longer axis 
of tlie orbit, will divide it into two unequal segments. Precisely thus U ia diirided by 
the cquinoetitU, 

399. That portion of the Earth^s orbit which lies above the 




898. What Is the true form of the planets* orbits ? Why is equinoctial time irregular I 
899. How is the Earth** orbit divided by the equinoctial f 
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Sun, or north of the equinoctial, contains abont 184 de^ecs ; 
while that portion of it which lies below the Sun, or south of the 
equinoctial, contains only 176 degrees. This fact shows why 
the Sun continues about eight days longer on the north side of 
the equator io summer, than it does on the south side in winter. 
The exact calculation, for the year 1830, is as folio <fs : 

d. h. m. d. h. in« 

From the Ternal equinox to the summer solstice, =92 21 19 ) ^^ ii ^a 

Vrom the summer solstice to the autumnal equinox, = 98 14 If ^^ 

From the autumnal equinox to the winter solstice, s= 89 17 17 

From the winter solstice to the yernal equinox, =89 1 18 



178 18 80 



Difference in favor of the north side, = T 16 48 

The points of the Earth*s orbit which correspond to Its greatest and least distances 

from the Sun, are ealled, the former the Apogee^ and the latter the Periase; two Greek 

words, the former of which signifies from the Earthy and the latter tunntt the JSdrth, 

These points are also designated by the common name of ApHdet. 

400. The Earth being in its perihelion about the 1st of Jan- 
uary, and in its aphelion the 1st of July, we are 3,000,000 of 
miles nearer the Sun in winter than in midsummer. The reason 
why we have not, as might be expected, the hottest weather 
when the Earth is nearest the Sun, is, because the Sun, at that 
time, having retreated to the southern tropic, shines so obliquely 
on the northern hemisphere, that its rays have scarcely half the 
effect of the summer Sun ; and continuing but a short time above 
the horizon, less heat is accumulated by day than is dissipated 
by night. 

401. As the Earth performs its annual revolution around the 
Sun, the position of its axis remains invariably the same ; always 
pointing to the ^orth Pole of the heavens, and always main- 
taining the same inclination to its orbit. This seems- to be pro- 
videntially ordered for the benefit of mankind. If the axis of 
the Earth always pointed to the center of its orbit, all external 
objects would appear to whirl about our heads in an inexplicable 
maze. Nothing would appear permanent. The mariner could 
no longer direct his course by the stars, and every index in 
nature would mislead us. 

What phenomenon does this explain f 400. When is the larth in its perihelion f Ita 
iphtlioi. ? Wliat difference in its distance from the Sun f Why, then, have we not tho 
vamest wsather in January ? 401. What said of the permanency of thaBarth^axte? 
How would it te if either pole was toward the Sunl^ 
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CHAPTER IV. 
THE MOON— HEjtv DISTANCE, MOTIONS, PHASES, &a 

402. There ig no object within the scope of astronomical 
observation whi h affords greater variety of interesting investi- 
gation than the various phases and motions of the Moon. From 
them the astronomer ascertains the form of the Earth, the vicis- 
situdes of the tides, the causes of eclipses and occultationB, the 
distance of the Sun, and, consequently, the magnitude of the 
solar system. These phenomena, which are perfectly obvious to 
the unassisted eye, served as a standard of measurement to all 
nations, until the advancement of science taught them the advan- 
taged of solar time. It is to these phenomena that the naviga- 
tor is indebted for that precision of knowledge which guides him 
with well-grounded confidence through the pathless ocean. 

The Hebrews, the Greeks, the Romans, and, in general, all 
the ancients, used to assemble at the time of new or full Moon, 
to discharge the duties of piety and gratitude for her unwearied 
attendance on the Earth, and all her manifold uses. 

The philosophy of the changes of the Moon is illustrated by 
the following cut : 

PRTTjOSOPHT op the MOOV'S CHAVOn. 
2 / 
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This cut represents the moon rerolving eastward around the Earth. In the tutsidi' 
cireie. she is represented as she would appear, if yiewed from a direction at right anglei 
with the plane of her orbit. The side toward the Sun is enlightened in erery case, an4 
ihc appears like a half moon at every point. 

408. What sal 1 of the Moon's motions and phases ? What learned from them f How 
nseil anciently? How at the present time? How did the ancients observe the ncw Ul^ 
full moons? 

9* 
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The Interior suit represents her as she appears when viewed from the earth. At A It if 
New Moon ; and if seen at all so near the Sun, she would appear like a dark globe. At 
B she would appear like a crescent, concave toward the east. At C, more of her enlight- 
ened side is visible ; at D still more ; and at E the enlightened hemisphere is fully in 
view. We then call her a Full Motm. From E around to A again, the dark portion 
becomes more and more visible, as the luminous part goes out of view, till she comes t* 
b^r change at A. When at D and ¥ the moon is said to be gibb&M. 

403. When the Moon, after having been in conjauction with 
the San, emerges from his rays, she first appears in the evening, 
a little after sunset, like a fine luminous crescent, with its convex 
side towards the Sun. If we observe her the next evening, we 
find her about 13° farther east of the Sun than on the preceding 
evening, and her crescent of light sensibly augmented. Repeat- 
ing these observations, we perceive that she departs farther and 
farther from the Sun, as her enlightened surface comes more and 
more into view, until she arrives at her first qiuarter, and comes 
to the meridian at sunset. She has then finished half her course 
from the new to the full, and half her enlightened hemisphere is 
»;urned towards the Earth. 

404. After her first quarter, she appears more and more gib- 
bouSf as she recedes farther and farther from the Sun, until she 
has completed just half her revolution around the Earth, and is 
seen rising in the east when the Sun is setting in the west. She 
then presents her enlightened orb full to our view, and is said 
to be in opposition ; because she is then on the opposite side of 
the Earth with respect to the Sun. 

la the first half of her orbit she appears to pass over our 
heads through the upper hemisphere ; she now descends below 
the eastern horizon to pass through that part of her orbit which 
lies in the lower hemisphere. 

405. After her full she wanes through the same changes of 
pearance as before, but in an inverted order ; and we see hor in 
the morning like a fine thread of light, a little west of the rising 
Sun. For the next two or three days she is lost to our view, 
rising and setting in conjunclio-u with the Sun ; after which, she 
passes over, by reason of her daily motion, to the east side of 
the Sun, and we behold her again, a new Moon, as before. In 
changing sides with the Sun, she changes also the direction of 
her crescent. Before her conjunction it was turned to the east ; 
it is now turned towards the west. These different appearances 
of the Moon are called her phases. They prove that she shines 



103. Explain the cause of tne cnanges of the Moon f 404. How after her first quartarT 
105. How after her full! What charge in her crescent? What do the Moon*8 pliaMs 

ftOXQ f 
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.Kit by any li^'ht of her own ; if she did, being globular, wo 
sbonld always nee her a round full orb like the Sun. 

406. The ^foon is a satellite to the Earth, about which she 
revolves in an elliptical orbit, in 29 days, 12 hours, 44 minutes, 
and 3 seconds ; tiie time which elapses between one new moon 
and another. This is called her synodic revolution. Her revo- 
lution from any fixed star to the same star again, is called her 
periodic or sidereal revolution. It is accomplished in 27 days, T 
hours, 43 miu'jtes, and 11^ seconds ; but in this time, the Earth 
has advanced nearly as many degrees in her orbit ; consequently, 
the Moon, at the end of one complete revolution, must go as 
many decrees farther, before she will come again into *he same 
position with respect to the Sun and the Earth. 

RmwMAi. An> snroDio siroLunoiis or ths xooh. 
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On the right, the earth is sboim in her orbit, rerolTlng aronnd the sun, and the moon 
m her orbit, revolring around the earth. At A, the sun and moon are in cof0itnction, 
or it is I^ew Moon. As the earth passes from D to B, the moon passes around from A to 
B, or the exact point in her orbit where she was 27 H days before. But she is still west 
of the sun, and must pass on from B to G, or*1 day and 20 hours longer, before she can 
again come in conjunction with him. Thi» 1 day and 20 hours constitutes the differenctf 
between a sidereal and a synodic revolution. 

The student will perceive that the difference between a sidereal and synodic revolution 
of the moon, like that between solar and sidereal time, is due to the same cause, namely, 
the revoltition of the earth around the sun. 

40 T. Lying along the Moon's path, there are nine conspicu- 
ous stars that are used by nautical men for determining their 
longitude at sea, thence called nautical stars. These stars are, 
ArieteSf Aldeharan, Pollux^ Regulus, Spica Virginis^ Aniarts^ 
Altaire, Fomalhautf and Markab, 

The true places of these stars, for every day in the year, are given in the Nautical 
llmanac, a valuable woric published annually by the English " Board of Admiralty,** to 
^^e mariners in navigating the seas. They are usually published two or three years in 
Mlvance. for tlie t>enefit of long voyages 

liet A in the cut represent Greenwich Observatory, near London. B is the Moon, anU 
her apparent pi ace among the distant stars, about 40* west of the star D. The ship B, 
having Greenwich time, as well as her own local time, sails from London westward ; 

4<Xt. Form of the hinar orbit f Time of it/nodio revolution ? Of Hd&rsal revolution f 
Wlat diAerence f 407. What are the nauUetU Hartt Can yftu explain hoviojgitade 

s asirtrtJiinnl by themV 
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but on obBenrlng the Moon when, by OreenwieL 
time, she ou^t to be at G, she is found to be at F/or 
only about SO* west of the star O. It is, therefore, 
obvious that the sMp is west of Ckeenwich, as the 
Moon appears «cui of her Greenwich place. From 
this diffSerence between her place as laid down in the 
tables, and her observed place, as referred to cer- 
tain prominent stars, the mariner determines hew 
far he is east or west of the meridian of Greenwich. 
The Moon*8 geocentric place (or place as viewed 
from the center of the Earth) may be given instead 
of her Greenwich place, and the same conclusions 
arrived at. In either case, this is called the Umar 
method of determining the longitude. It is also asotr- 
tained by simple comparison of local and standard 
time, that a man, says Sir John Herschel, by merely 
measuring the Moon's apparent distance from a ster, 
with a little portable instrument held in his hand, 
and applied to his eye, even with so unstable a foot- 
ing as the deck of a ship, shall say positively within 
five miles where he is, on a boundless ocean, cannot 
but appear to persons ignorant of physical astronomy 
an approach to the miraculous. And yet, eays he 
the alternatives of life and death, weuth ana ruin 
are daily and hourly staked, with perfect oonlldence 
on these marvellous computations. 

408. The Moon is the nearest of all the heavenly bodies, being 
about thirty times the diameter of the Earth, or 239,000 miles, 
distant from as. Her mean daily motion in her orbit is nearly 
fourteen times as great as the Earth's ; since she not only accom- 
panies the Earth around the Sun every year, but, in the mean 
time, performs nearly thirteen revolutions about the Earth. 

Although the apparent motion of the Moon in her orbit is greater than that of any 
other heavenly body, since she passes over, at a mean rate, no less than 18* 10' 86' in a 
day ; yet this is to be understcod as angtUar motion^ — motion in a small orbit- -and 
therefore embracing a great number of degrees^ and but comparatively few miles. 



409. The point in the Moon's orl»t 
nearest the Earth is called Perigee^ from 
the Greek jperi^ about, and ge^ the earth. 
The point most distant is called Apogee, 
from opo, from, and gt, the earth. These 
two points are also called the apsides 
of Jier orbi^ ; and a line joining them, 
the line of the apsides. 

See the Moon in apogee and perigee In the ei|l. ns 
singular of apsides is apsis, 

410. The line of the apsides of the 
Moon's orbit is not fixed in the ecliptic, 
but revolves slowly around the ecliptic, 
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408. The Moon*s distance? Daily motion in orbit? How many degrees? 4t$ 
Perigee and Apogee ? Derivation? What other name for these two points? Wkai ii 
the an« of the apsides? 410. Is this line sUtionary? What motion? Ita period of 

•cTolut'on^ 
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from west to east, in the period *«^w <>' ™ ^'™>" 

of about nine years. 

In the adjoining cat, an attempt is made to 
represent this motion. At A, the line of the 
apsides pointi directly to the right and left ; 
tut at B, C, and D, it is seen changing its 
direction, till at E the change is yery percep- 
tible when compared with A. " But the same 
ratio of change continues ; and at the end of 
a year, when the Earth reaches A again, the 
line of the apsides is found to have revolved 
eastward to the dotted line I K, or about 40*. 
In nine years the aphelion point near A will 
have made a complete revolution, and return- 
ed lo its original position. 

411. The line of the Moon's 
nodes is also in revolution ; but 
it retrogrades or falls back westward, making the circuit of the 
ecliptic once in about nineteen years. 

412. Though her orbit is an ellipse, 
with respect to the Earth, it is, in 
reality, an irregular curve, always 
concave toward the Sun, and crossing 
the Earth's orbit every 13° nearly. { 

If the Earth stood still in her orbit, the Moon \4:ji 
would describe Just such a path in the ecliptic as /'^ _^ . . 

she describes with respect to the Earih. ^0 ^ ' 

If the Earth moved but slowly on her way, the ^•../•. •• ^.J y 

Moon would actually retrograde on the ecliptic at "r. w^*'* 

tho time of her change, and would cross her own •. 16^ -f • V / 

path at every revolution, as shown in the adjoin- *-.-V^ •! ^-'-i''..^^ 

ing figure. But as the Earth advances some \W-V.-'V / 

46,000,000 of miles, or near 100 times the diameter •••—••' **•.-••' 

of the Moon's orbit, during a single lunation, it is 

evident that the Moon's orbit never can return into itself, or retrograde, as here repre- 
sented. 

That the lunar orbit is always concave toward the Sun, may be demonstrated by the 
above diagram. 
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TBI MOOX'S OBBIT ALWAYS CONCAVR TOWARD THR SDH. 




Let the upper cnrrv line A B represent an arc of the Earth's orbit, equal tc that 

fassed through by the Earth during half a lunation. Now the radius and are being 
nown, it is found that the chord A B must pass more than 400,000 miles within the 
Karth. But as the Moon departs only 240,000 from the Earth, as shown in the figure. It 
follows that she must describe the curve denoted by the middle line, which is concave 
toward the Sun. 
Vhls sutgect may be still further illustrated by the following cat : 



41 1. How with the line of the Moon's nodes? 412. What is the actual form of tho 
Moon's orbit? How if the Earth stood still ? How if she moved but slowly? How is 
iC Moon*s vrblt demonstrated to be always concave towards the Son? 
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The imsll idrclea In the col repiiieiil the lIaon<> orbit wllfa rapeot to th< Eutk, wUoj 

413. The mooD never retrogrades on the ecliptic, or ntanii 
into her own path again ; bat ia always adraociiig with the 
Earth, at the rate of not less than 63,200 miles per hoar. 

_ttit Moon'i orMtul Triodtr. > 




414. In her journeyings eastward, the Moon often Beems tc 
run orer and obscure the distant planets 




^Dlt^Vopltcr tor ttui. 
IL, Jul Atti, hb. nih. 
■ lelnsopc ika Moh Ir 
log atari that an bnlal 
V dlaappor bthlnd M 
I a ibDrt flma nuMi 



THE M00^ —HER MOTIONS, PHASES, ETC. 



209 



416. The Moon revolves once on her axis exactly in the time 
tltat she performs her revolution aronnd the Earth. This is evi- 
dent from Ler always presenting the same side to the Earth ; 
for if she had no rotation upon an axis, every part of her sarface 
wcnld be presented to a spectator on the Earth, in the conrje 
of her synodical revolution. It fol- 
lows, then, that there is but one day 
and night in htr year^ containing, 
both together, 29 days, 12 hours, 
44 minutes, and 3 seconds. 



1IOOH*S KKTCLFTIOX. 
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Suppose a monument erected npon the Moon*e 
surfoce, so «• to point toward the Earth at Neto 
Moon, as represented at A. From the Earth it 
would appear in the Mo<ni*8 center. Now if the 
Moon so re¥olTe upon her axis, in the direction of 
the arrows, as tti keep the pillar pointing directly 
toward the Earth, as shown at A, B, C, and D, and 
the intermediate points, she most make just one 
revolution on her axis during her periodic revolu- 
tion. At A, the piilar points/rcMn the Sun, and at 
C toward him : showing that, in going half-way 
round the Earth, she has performed half a revolu- 
tion upon her axis. 

416. Though the Moon always presents nearly the same hemi- 
sphere toward the Earth, it is not always precisely the same. 
Owing to the ellipticity of her orbit, and the consequent 
inequality of her angular velocity, she appears to rdl a little on 
ner axis, first one way and then the other — thus alternately 
revealing and hiding new territory, 
as it were, on her eastern and west- 
ern limbs. This rolling motion east 
and west is called her libration in 
longitude. 

The aocompanTing cut will Illustrate the suliject 
of the Moon's Ilbrations in longitude. 

From A around to C, the angular motion is 
alotoer than the average, and the diurnal motion 

Eins upon it, bo that ttie pillar points tDftt of the 
rth, and we see more of the eoiUm limb of the 
moon. 

From to A, again, the Moon advances >h«<4^ 
than a mean rate, and ffoint upon the diurnal 
revolution; so Uiat the pillar points fa«t of the 
Earth, and we see more of the Moon*s tofttem 
limb. Thus she seems *r librate or roll, first 
o ie way and then *L« other, during every periodic 
rt.*volution. 

At B, we see most of her eastern limb ; and at D, most of her western. 

417. The axis of the Moon is inclined to the plane of her 
orbit only about one and a half degrees ( T 30 1 0.8'*). But this 

415. How often does the Moon revolve on her axis ? How is it known ? What follows 
from this factt 416. What are the Moon*B librations? In Longitude t 417. Id 
Ltttiiadef 
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slight inclination enables ns to see first one pole and then the 
other, in her revolution aroand the Earth. . These slight rolling 
motions are called her lihraiions in latitude 

As tne Inclinatton of the Earth's axis brings first one pMe and then the other toward the 
fiun^ and produces the seasons^ so the inclination of the Moon's axis Inings first one p<do 
and then the other in view from the Earth. Bat as her inclination is only 13<(*, the 
llbration in latitude is very sUf ht. 

418. As the Moon tnrns on her axis only as she moves aroand 
the Earth, it is plain that the inhabitants of one half of the 
lunar world are totally deprived of the sight of the Earth, unless 
they travel to the opposite hemisphere. This we may presume 
they will do, were it only to view so sublime a spectacle ; for it 
is certain that from the Moon the Earth appears ten times larger 
than any other body in the universe. 

419. As the Moon enlightens the Earth, by reflecting the light 
of the Sun, so likewise the Earth illuminates the Moon, exhibit- 
ing to her the same phases that she does to us, only in a con- 
trary order. And, as the surface of the Earth is 13 times as 
large as the surface of the Moon, the Earth, when full to the 
Moon, will appear 13 times as large as the full Moon does to us. 
That side of the Moon, therefore, which is towards the Earth, 
may foe said to have no darkness at all, the Earth constantly 
shining upon it with extraordinary splendor when the San is 
absent ; it therefore enjoys successively two weeks of illamina- 
tion from the Sun, and two weeks of earth-light from the Earth. 
The other side of the Moon has alternately a fortnight's light, 
and a fortnight's darkness. 

420. As the Earth revolves on its axis, the several continents, 
seas, and islands, appear to the lunar inhabitants like so many 
spots of different forms and brightness, alternately moving over 
its surface, being more or less brilliant, as they are seen through 
intervening clouds. By these spots, the lunarians can not oid^ 
determine the period of the Earth's rotation, just as we do that 
of the Sun, but they may also find the longitude of their places, 
as we find the latitude of ours. 

421. As the full Moon always happens when the Moon is 
directly opposite the Sun, all the full moonc 'n our winter, mast 
happen when the Moon is on the north side of tne equinoctial, 

418. Can ali the Lanarians see the Earth? Ilcv large must she appear flroB the 
Moon f 419. What said of her light and phases f Uow^ then, are the two hemispheres cf 
the Moon enlightened? 420. How must the Earth apiiear to the Lunarians, and whst 
may they infer from the motion of the spots seen on her surface ? 421. W*iere is the 
Moon at the full it, winter? In summer? Whj? What result as to oMKHdliiit at ths 
poled ? 
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because then the San is on the sauih side of it ; conseqaentlj, at 
the north pole of the Earth, there will be a fortnight's moon- 
light and a fortnight's darkness by tarns, for a period of six 
months, and the same will be the fact during the San's absence 
the other six months, at the south pole. 

422. The plane of the Moon's orbit is very near that of the 
Bcliptic. It departs from the latter only about 5^° (5° 8' 48**.) 

INCLINATION or THS M00N*8 ORBIT TO TUK fLAMM OW TBI BCUPTia 

eoLircte 





Let the line A B represent the plane of the Earth's orbit, and the line Joining the Moon 
At C and D would represent the inclination of the Moon*s orbit to that of the Earth. At 
C the Moon would be within the Elarth*g orbit, and at D exterior to it ; and it would h*» 
Full Moon at D, and N^w Moon at 0. ' 

423. The Moon's axis being inclined only about 1^° to her 
orbit, she can have no sensible diversity of seasons ; from which 
we may infer, that her atmosphere is mild and uniform. The 
quantity of light which we derive from the Moon when full, is at 
least 300,000 times less than that of the Sun. 

This is Monsieur Bouquer*s inference, from his experiments, as stated by La Place, in 
hif work, p. 42. The result of Dr. WoUaston's computations was different. Professor 
Leslie makes the light of the Moon 150,000 times less than that of the Sun ; it was for- 
merly reckoned 100,000 times less. 

424. The Moon, though apparently as large as the Sun, is the 
smallest of all the heavenly bodies that are visible to the naked 
eye. Her diameter is but 2162 miles ; consequently her surface 
is 13 times less than that of the Earth, and her bulk 49 times 
less. It would require 61,000,000 of such bodies to equal the 
volume of the Sun. The reason why she appears as large as the 
Sun, when, in truth, she is so much less, is because she is 382 
times nearer to us than the Sun. 

425. When viewed through a good telescope, the Moon pre- 
sents a most wonderful and interesting aspect. Besides the 
large dark spots, which are visible to the naked eye, we perceive 
extensive valleys, shelving rocks, and long ridges of elevated 
mountains, projecting their shadows on the plains below. Single 
mountains occasionally rise to a great height, while circular hol- 
lows more than three miles deep, seem excavated in the plains. 

422. How Is the Moon's orbit situated with respect to the ecliptic ? 428. What if 
the inclination of the Moon*s axis, and what effect has it on her seasons and atmosphere f 
What is the amount of light derived from the Moon as compared with the Suu, and la 
there any difference of opinion on this point? 424. What said of the apparent and 
real diameters of the Moon? Compared with the Earth? The Sun? Why, theot 
appear as large as he does ? 425. Uow does she appear through a telescope? 
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mnMt, tber w. 

Ken Id uke place wllh clie Innur ihidowi. «icrpt Oiil Uia Umt required ta * liiur imf, 
(qusl l<i about lAorourdi/i, lutckd ofimt atnariity or 11 boan. 

426. The Moon's monntain scenery bears a striking resem- 
blance to the towering sublimity and terrific rnggeduess of the 
Alpine regions, or of the Apennines, after which some of her 
mouDtfti'ns hare been named, and of the Cordilleraa of onr own 
continent. Hage massea of rock rising precipitonslj from the 
plains, lift their peaked summits to aa immense height in the air, 
while shapeless crags bang over their projecting ndes, aod aeem 
on the eve of being precipitated into the tremendoaa chasm 
below. 

Aroand the base of these frightful eminences, are strewed 
immerous loose and unconnected fragments, which time aeenu to 
have detached from their parent mass ; and when we examine 
the reots and rarines which accompany the OTerhanging cliffs, 
the beholder e.xpects every moment that they are to be tors 
from their base, and that the process of destructive septtratioo 
wliich he had only contemplated in its effects, is abont to be 
exhibited before him in all its reality. 

421. The range of raonntaina called the Apennines, which 
traverses a portion of the Moon's disc from northeast to sontb- 
west, and of which some parts are visible to the naked eye, lisH 

tU. What uid sr lh« HoDD'i motuiUlD •Muirl AT. Of tiM ApMOtea trtf 
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with a precipitous and craggy front from the level of the Mart 
fmbrium, or Sea of Showers. In this extensive range are several 
ridges whose summits have a perpendicular elevation of four 
miles, and more ; and though they often descend to a much 
lower level, they present an inaccessible barrier on the northeast, 
while on the southwest they sink in gentle declivity to the 
plains. 

428. There is one remarkable feature in the Moon's surface 
which bears no analogy to anything observable on the Earth. 
This is the circular cavities which appear in every part of her 
disc. Some of these immense caverns are nearly four miles deep, 
ana forty miles in diameter. They are the most numerous in the 
southwestern part. As they reflect the Sun's rays more 
copiously, they render this part of her surface more brilliant 
than any other. They present to us nearly the same appearance 
as our Earth might be supposed to present to the Moon if all 
our great lakes and seas were dried up. 

429. The number of remarkable spots on the Moon, whose 
latitude and longitude have been accurately determined, exceeds 
200. The number of seas and lakes, as they were formerly con- 
sidered, whose length and breadth are known, is between 20 and 
30 ; while the number of peaks and mountains, whose perpen- 
dicular elevation varies from a fourth of a mile to five miles in 
height, and whose bases are from one to seventy miles in length 
is not less than one hundred and fifty. 

Graphical views of these nataral appearances, accompanied with minute and familiar 
descriptions, constitute what is called beUnograjphy^ from two Greek Words, which mean 
f be same thing in regard to the Moon, as Geography does in regard to the Earth. 

430. An idea of some of these yscenes may be formed by con- 
ceiving a plane of about 100. miles in circumference, encircled by 
a range of mountains, of various forms, three miles in perpen- 
dicular height, and having a mountain near the center, whose 
top reaches a mile and a half above the level of the plain. From 
the top of this central mountain, the whole plain, with all its 
scenery, would be distinctly visible, and the view would be 
bounded only by a lofty amphitheatre of mountains, rearing their 
summits to the sky. 

431. The bright spots of the Moon are the mountainous 
regions ; while the dark spots are the plains, or more level parts 
of her surface. There may be rivers or small lakes on this 



428. ll^'hat remarkable feature of the Moon's surface noticed f 429. What numbni 
o** remarkable spots ! Of ** seas or lakes ? " Of mountains ? What is Sel«m>ifraphy t 
430. llc-v cooceiTe joetij of the lunar scenery? 481. What are tha brightest ^[Mts s« 
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planet ; bat it is generally thought, by astronomers of the preaeii* 
day, that there are no seas or large collections of water, as was 
formerly supposed. Some of these mountains and deep valley* 
are visible to the naked eye ; and many more are visible throngb 
a telescope of but moderate powers. 

432. A telescope which magnifies only 100 times will show a 
spot on the Moon's surface, whose diameter is 1223 yards; ana 
one which magnifies a thousand times, will enable us to perceive 
any enlightened object on her surface whose dimensions are only 
122 yards, which does not much exceed the dimensions of some 
of our public edifices, as for instance, the Capitol at Washington, 
or St. Paul's Cathedral. Some years since, Professor Frauen- 
hofer, of Munich, announced that he had discovered a lunar 
edifice, resembling a fortification^ together with several lines of 
road. The celebrated astronomer Schroeter, conjectured the 
existence of a great city on the east side of the Moon, a little 
north of her equator, an extensive canal in another place, and 
fields of vegetation ir <inother. 



CHAPTER T. 

SOLAR AND LUNAR ECLIPSES. 

433. Of all the phenomena of the heavens, there are none 
which engage the attention of mankind more than eclipses of th« 
Sun and Moon ; and to those who are unacquainted with astro- 
nomy, nothing appears more wonderful than the accuracy with 
which they can be predicted. In the early ages of antiquity, 
they were regarded as alarming deviations from the establish^ 
laws of nature, presaging great public calamities, and other 
tokens of the divine displeasure. 

In China, the prediction and observance of eclipses are made a matter of state poUcTi 
In order to operate upon the fears of the ignorant, and impose on Uiem a supen^loai 
regard for the occult wisdom of their rulers. In Mexico, the natives fast and aflUettlMWi* 
selves, during eclipses, under an apprehension that the Great Spirit is In deep suferaDce- 
Some of the northern tribes of Indians have imagined that the Moon had been wounded 
In a quarrel ; and others, that she was about to iSe swallowed by a huge flab. 



the Moon's surface? The dark ones? 482. How small ofcyects maybe seen m tbi 
SIooi:*s surface? What announcement by ITrauenhofer ? Conjecture of gcb r oet g J 
488. Sabiject of Chapter V.? Remark respecting eclipses? How re g arded I7 tl*' 
andents? lo China? Mexico? By northern Indians? Anecdote efOolnnhos* 
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It was by ATsiling himself of these superstitions notions, that Columbus, irben shlp- 
vrreclced on the island of Jamaica, extricated himself and crew from a most embarrasii- 
Ing condition. Being driven to great distress for want of provisions, and the native* 
refusing him any assistance, when all hope seemed to be cut off, he bethought himself of 
their superstition in regard to eclipses. Uaving assembled the principal men of the 
Island, he remonstrated against their inhumanity, as being offensive to the Great Spirit : 
and told them that a great plague was even then ready to fall upon them, and as a token 
of it, they would that night see the Moon hide her face in anger, and put on a dreadfully 
dark and threatening aspect. This artifice had the desired effect; for the eclipse had no 
sooner begun, than the frightened barbarians came running with all kinds of provisions, 
and throwing themselves at the feet of Columbus, implored his forgiveness. — AlmagMi^ 
9ol, /., 65 c. «. 2. 

434. An eclipse of the Son takes place, when the iark body 
of the Moon, passing directly between the Earth and the Sun, 
intercepts his light. This can happen only at the instant of new 
moon, or when the Moon is in conjunction ; for it is only then 
that she passes between us and the Sun. 

An eclipse of the Moon takes place when the dark body of 
the Earth, coming between her and the Sun, intercepts his light, 
and throws a shadow on the Moon. This can happen only at the 
time of fuLi moon, or when the Moon is in opposition ; for it is 
only then that the Earth is between her and the Sun. 

435. As every planet belonging to the solar system, both pri- 
mary and secondary, derives its light from the Sun, it must cast 
a shadow towards that part of the heavens which is opposite to 
the Sun. If the Sun and planet were both of the same magni- 
tude, the form of the shadow cast by the planet, would be that 
of a cylinder, and of the same diameter as the Sun or planet. 

CTLIRORICAL SHADOW. 





Here the San and planet are represented m o/ the 9ame aUfS, and the shadow of the 
latter is in the form of a cylinder, 

436. If the planet were larger than the Sun, the shadow would 
continually diverge, and grow larger and larger ; but as the Sun 
i3 much larger than any of the planets, the shadows which they 
cast must converge to a point in the form of a cone, the length 
of which will be proportional to the size and distance of the 
planet from the Sun. 

484. When do solar eclipses occur? Why only then? Lunar? Why only ^tfuM 
moon t 485. Do all the planets cast shadows ? Suppose the Sun and planet were oj 
iha same size, what would be the form of their shadows? 486. What if the planet was 
largest? How as they are smaller than the Sim? Howls the length of tl^ shadow* 
modified by tho diytance of the planet from the Son ? 
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KVBBOniiO blUDOW. 





In this cut, the oprt^«« body it the larger, and the shadow prelected from It di9^ 
or grows more broad as the distence from the planet increases. 

If the opaque body is muMer than the luminous one, the shadow ^on^ergm 
point. 

OOHTBROma SHADOW. 



i 
I 





Here Ike Iwninoua body U the larger ^ and the shadow converges to a nitot, and ti !• 
flie form of a cone. 

The opaque body being smaHer than the luminous one, the Un^ of Its shadow will e 
modified by its djUUifice^ as in the following : 





Here, also, the luminous body is the larger, and both precisely or Che f<;me siie aa I 
the cut preceding ; but being placed nearer each other, the shadow is shown to be cot 
siderably shorter. 

437. All the planets, both primaries and secondaries, cas 
shadows in a direction opposite the San (see cut on pext page) 
The form and length of these shadows depend npon the compara 
tive magnitude of the San and planet, and their distance from 
each other. If the Sun and a planet were of the same size, the 
shadow of the planet would be in the form of a cyli^^r, what- 
ever its distance. If the planet was larger than the Sun, the 
shadow would divergty as we proceed from the plaiiet off into 
space ; and the nearer the Sun, the more divergent the shadow 
would be. But as the planets are all much smaUtr than the 
Sun, the shadows all converge to a point, and take the form of a 
cone ; and the nearer to the Sun, the shorter their shadows. 



487. Why have the largest and most distant planets the longest ihadowif 
tlkj primary planets eclipse eack otbcr? 



lOLAH AND LDNAR ECLtPBKS 




438. When the Sun is at his greatest distance from the Earth, 
and th9 Moon at her least distance, her shndow ia sofficiently 
long to reach the Earth, and extend 14,000 miles beyond. 
When the Sun is at his kasl distance from the Earth, and the 
Moon at her greatest, her shadow will not reach the Earth's sur- 
face by 20,000 miles. So that when the Snn and Moon are at 
their mtan distances, the cone of the Moon's shadow will termi- 
nate a little before it reaches the Earth's sarface. 



*39. Eclipses of the Snn must always happen at New Moon, 
and those of the Moon at FuU Moon, The reason of this is, 
that the Moon can never be between us and the Sun, to eclipse 
him, except at the time of her change, or New Moon ; and she 
can never get into the Earth's shudow, to be eclipsed herself, 
eseept when she is in opposition to the Sun, and it is Full 
Moon* 

410. If the Moon's orbit lay exactly in the plane of the eclip- 
tic, she W'juld eclipse the Sun at every ehangt, and be eclipsed 
herself at every /uii; bnt as her orbit departs from the ecliptic 
over b" (422), she may pass either above or below the Suu at 

4SS Whit jg Ihg lenglh of the Moon*! ihtdDW when ihe <i neuwt U» brth ul 
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the time of her change, or above or below the Earth's shadow 
at the time of her full. 



NTW AKD FULL MOONS WITDOUT ICLIPSB. 
Shadow Hbovv tLe Earth. Abor.e th« Earth's •hadmr. 







Shadow below the Earth. Balow the Earth's ahadow. 



liCt the line Joining the Earth and the Sun represent the plane of the ecliptic. Now as 
Li«) orbit of the Moon departs from this plane about 5° 9', she maj appear either above 
or 'teU/fo the Sun at New Moon, as represented in the figure, and her shadow maj fall 
above the north pole or below the south. At such times, then, there can be no solar 
eclipse. 

On the right, the Moon is shown at her full, both above and below the Earth's shadow, 
in which case there can be no lunar eclipse. 

441. As the Moon passes from one of her nodes to the other 
in 173 days, there is just this period between two saccessive 
eclipses of the Sun, or of the Moon. In whatever time of the 
year, then, we have eclipses at either node, we may be sure that 
in 173 days afterwards, we shall have eclipses at the other node. 

As the Moon's nodes fall back, or retrograde in the ecliptic, at the rate of If )<* cTery 
year, they will complete a backward revolution entirely around the ecliptic to the same 
point again, in 18 years, 225 days ; in which time there would always be a regular perio«l 
of eclipses, if any complete number of lunations were finished without a remainder. Bui 
this never happens; for if both the Sun and Moon should start from a line of conjunction 
with either of the nodes in any point of the ecliptic, the Sun would perform 18 annua! 
revolutions and 222° of another, while the Moon would perform 2S0 lunations, and 85* of 
another, before the node would come around to the same point of the ecliptic again ; at 
Uint tht Sun would then be 138* fi'om the node, and the Moon 85° firom the Sun. 

But after 223 lunations, or 18 years, 11 days, 7 hours, 42 minutes, and 81 seconds, the 
Sun, Moon, and Earth, will return so nearly in the same position with respect to each 
other, that there will be a regular return of the same eclipses ^r many ages. This 
grand period was discovered by the Chaldeans, and by them called Saros. If, therefore, 
to the mean time of any eclipse, either of the Sun or Moon, we add the Chaldean period 
nf IS years and 11 days, we shall have the return of the same eclipse. This mode of pre- 
dieting eclipses will hold good for a thousand years. In. this period there are osuaily 70 
eclipses ; 41 of the Sun and 29 of the Moon 

442. The diameter of the Earth's shadow, at the distance of 
the Moon, is nearly three times as large as the diameter of the 
Moon : and the length of the Earth's shadow is nearly four times 
as great as the distance of the Moon ; exceeding it in the same 
ratio that the diameter of the Earth does the diameter of the 
Mooc, which is as 3.663 to 1. 

443. The number of eclipses in any one year, cannot be le^ 
than two, nor more tha'n seven. In the former case, they will 

two lunar eclipses every lunar month? 441. How often may eclipses occur at opvo- 
tite nodes? What cycle of eclipses described? Number of eclipses in this cytmf 
MS. What is the diam^ttir of the Earth's shadow ai the distance of the Biocm f 4tt. 
What number of eclipses may occur in any one year? If bat two, what will thcj b«f 
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both be of the Sun ; and in the latter, there will be five of the 
Sun, and two of the Moon — those of the Moon will be total. 
There are sometimes six ; but the usual number is four : two of 
the Sun, and two of the Moon. 

The caase of this variety is thus accoanted for. Although the San osually pauea 
by both nodes only once in a year, he may pass the same node again a little beforo 
the end of the year. In consequence of the retrograde motion of the Moon's nodes, 
he will come to either of them 178 days after passing the other. He may, there 
fore, return to the same node in about 846 days, having thus passed one node Pwice^ and 
the other once^ making each time, at each, an eclipse of both the Sun and the Moon, or 
t&r it. all. And since 12 lunations, or 854 days from the^frft eclipse, in the beginning of 
the yi.ar, leave room for another New Moon before the close of the year, and since this 
New Moon may fall within the ecliptic limit, it is possible for the Sun to be eclipsed again. 
Thus there may be Beeen eclipses in the same year. 

44-4. Eclipses of the Sun always come on from the west, and 
pass over eastward ; while eclipses of the Moon come on from 

the east, and pass over westward. 
This is a necessary result of the 
eastward motion of the Moon in 
her orbit. 



LCMll BOUPSB. 



SOLAR KCUPSI. 





In the right hand cut, the Moon is seen 
revolving eastward, throwing her shadow upon 
the Earth, and hiding the western limb of the 
Sun. In some instances, however, when the 
eclipse is very slight, it may first appear on the 
northern or southern iimb of the Sun — ^that is, 
the upper or lower side; but even then its 
direction must be ft-om west to east It will 
also be obvious from this figure, that tiie sAo- 
dow of the Moon upon the &rth must also tra- 
verse her surface Arom west to east; conse- 
quently the eclipse will be visiUe earlier in the 
west than in the east. 

On the left, the Moon is seen strUdng into 
the Earth's shadow from the west, and having 
her eastern limb first obscured. By holding the 
book up south of him, the student will see at 
once why the revolution of the Moon eastward 
must cause a solar eclipse to proceed from west 
to east, and a lunar eclipse from east to west. 
To locate obijects and motions correctly, the 
student should generally imagine himself look- 
ing to the south, as we are situated north of the 
equinoctial. The student should bear in mind 
that nearly all the cuts in the bo'>k are drawn 
to represent a view from northern latitude 
upon the Earth. Hence, by holding the book 
up south of him, the cuts will generally aflford 
an accurate illustration both.of the positions 
and motions of the bodies represented. 

445. The time which elapses between two successive changes 
of the Moon is called a Lunation^ which, at a mean rate, is about 





V seven? What is the usual number? Can yon explain tbe 
444. What is the direction of a solar eclipse? A lunar? Why thli 
Wh.\t is a kinalion t What would be the effect if tb« Miitr aad 
•qual > What result from the ezistiog inequalitj? 



«li»i« of •^«- •• 



B.G. 
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29^ days. If 12 lunar months were exactly equal to the 12 solai 
months, the Moon's nodes would always occupy the same pointi? 
iiuthe ecliptic, and all eclipses would happen in the same months 
6i the year, as is the case with the transits of Mercury and 
Venus : but, in 12 lunations, or lunar months, there are only 
354 days ; and in this time the Moon has passed through both 
her nodes, but has not quite accomplished her revolution around 
the Sun ; the consequence is, that the Moon's nodes fall back iu 
the ecliptic at the rate of about 19^° annually ; so that the 
eclipses happen sooner every year by about 19 days. " 

446. Eclipses can never take place, except when the Moon 
is near the ecliptic ; or, in other words, at or near one of her 
nodes At all other times, she passes above or below the Sun, 
and also above or below the Earth's shadow. It is not neces- 
sary that she should be exactly at her node, in order that an 
eclipse occur. If she is within 11° of her node, at the time of 
her change, she will eclipse the Sun ; and if within 12° of her 
node at her full, she will strike into the Eariji's shadow, and be 
more or less eclipsed. These distances are called, respectively, 
the solar and lunar ecliptic limits. 

This subject may be understood by conaultfng the following figure . 

THB MOON CHANOINO AT DIFFBRBNT DISTANCSS rROM BBR NODKS. 




E 








Let the line E E represent the ecliptic, and the line the plane of the Moon*!* 
orbit. The light globes are the Sun, and the dark ones the Moon, which may be imagined 
as much neartrr tlie student ; hence their apparent diameter is the same. 

Let the point k. represent the node of the Moon*8 orbit. Now if the change occur 
when the Moon is at B, she will pass bflow the Sun. If when at C, she will just touch his 
lower limb. At C, she will eclipse him a little, and so on to A; at which point, if the 
change occurs, the eclipse would be central, and probably total. 

If the Moon was* at G, H, I, or J, in her orbit, when the change occurred, she would 
eclipse the upper or northern limb of the Sun, according to her distance ft'om her node 
at the time ; but if she was at K, she would pass above the Sun, and would not eclipse 
him at all. The points C and J will represent the Solar Ecliptic Limits. 

The mean ecli|>tic limit for the Sun is 16}<* on each side of the node ; the mean ecllp- 
';ic limit for the Moon is 10)$* on each side of the node. In the former case, then, there 
are 83 degrees about each node, making, in all, 66* out of 860*, in which eclipses of the 
Sun may happen ; in the latter case there are 21* about each node, making, in all, 4li* 
diit of 860* in which eclipses of the Moon usually occur. The proportion of the solar m 
the lunar eclipses, therefore, is as 66 to 42, or as 11 to 7., Yet, there are more visible 
f'ijlipses of the Moon, at any given place, than of the Siin ; because a lunar eclipse b 
visible to a whole hemisphere, a solar eclipse only to a small portion of it. 

447. All parts of a planet's shadow are not alike dense. The 

446. Where roust the Moon be, with respect to the ecliptic and her nodes, in order to 
AD eclipse ? What meant by ecliptic UmiU t Name the distance of each, respectively, 
frvn the node. Illustrate. 447. What is the umbra of the Earth or Mood t tW 
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darkest portion is called the wnhra, and the partial shadow the 
wnumbra. 

UlfBSA AMD RHUiaiU OT TBI ■ABTH AWD MOM. 




^tta»»» 



Penumbra It from the Latin pens, abnoR, and ttmfrra, a shadov. In Hifo eat, the 
Earth's umbra and penumbra will be readily found by the lettering ; whfle A it tiieunbra, 
and B B the penumbra, of the Moon. The latter is more broad than it shotUd be, owing 
to the neamees of the Sun in the cut, as it never extends to mwdi over half the Earth's 
diameter. The student will see at once that solar eclipses can be total only to persons 
Tithin the umbra ; while to all on which the penumbra falls, a portion of the Sun's diac 
will be obscured. 

448. The average length of the Earth's nmbra is about 
860,000 miles ; and its breadth^ at the distance of the Moon, is 
about 6500 miles, or three times the Moon's diameter. 

As both the Earth and Moon revolve in elliptical orbits, both the above edtimates are 
subject to variations. The length of the Earth's umbra varies from 842,317 to 871,263 
miles ; and its diameter, where the moon passes it, varies from 5235 to 6365 miles. 

449. The average length of the Moon's umbra is about 
239,000 miles. It varies from 221,148 to 252,638 miles, 
according to the Moon's distance from the Sun. Its greatest 
diameter, at the distance of the fearth, is 130 miles ; but the 
penumbra may cover a space on the Earth's surface 4850 miles 
in diameter. « 

When the Moon but just touches the Jimb of the Sur., or the 
nmbra of the Earth, it is called an appulse (see C and J in tbe 
cut on the opposite page). 

450. A partial eclipse is one in which only part of the Sun or 
Moon is obscured. A solar eclipse is partial to all places 
outside the umbra ; but within the umbra, where the whole 
disc is obscured, the eclipse is said to be total, A central eclipse 
is one taking place when the Moon is exactly at one of her nodea 
If Innar^ it is total^ as the Earth's umbra is always broad enough, 
at the Moon's distance, if centrally passed, to obscure her whole 
disc. But a solar eclipse may be central and not totals as the 
Moon is not always of sufficient apparent diameter to cover the 

l»enutnbraf Derivation? Within which are solar eclipses total? 443. The average 
length of the Earth's shadow? Breadth at the Moon's distance? Do they vary? Why? 
449. Average length of the Moon's umbra ? Does it vary ? Why ? Greatest diametet 
at the Earth's surface? Of penumbra? What is an appuUet 450. A paaii^U 
eclipse? ktoUUt k central t Are all central 'tclipses total? Why not? Whatoolhd 
the::? Why? 



whole disc of tbe Sun. 
annular (from annulus, a 
ucDter of the Suu, end lea 



In that case, the eclipse wonld be 
ing), because the Moon only hides llio 
es a bright rins; unob'^oiirE.'d. 




451. It has already been shown that the apparent mapiii- 
tndcs of bodies vary as their distances vary ; and aB both tlie 
Earth and Moon revoire in elliptical orbits, it follows that the 
Moon and Sun must both \&Ty in their respective apparent n 
nitndfcs. Hence some central eclipses of the Sun are I 
while others are partial and annular. 




Al t, tbe Kirlh Ji kI her aji\eUim, 
viaie \i\t Uagt apparent oiAgnlmde. 



' perihdton, at 



\aap,>ff«t; 

452. The greatest possible duration of the annular appearance 
of a soliir eclipse, is 12 minutes and 24 seconds; and the greatest 
possible time during which the Sun can bo totally eclipsed, to 
any part of the world, is 1 minutes and 5S seconds. The Moou 
may continue totally eclipsed for one hour and three qnarters. 

553, As the solar ecliptic's limits arc further from the Moou's 
nodes than the lunar, it results that wo have more eclipses of 
the Sun than of the Moon. There may be seven in all in one 
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rear, viz., five solar and two lanar ; but the most usual number 
IS four. There can never be less than two in a year ; in which 
ease, both must be of the Sun. Eclipses both of the Sun and 
Moon recur in nearly the same order, and at the same intervals, 
at the expiration of a cycle of 223 lunations, or 18 years of 365 
days and 15 hours. This cycle is called the Period of the 
Eclipses. At the expiration of this time, the Sun and the 
Moon's nodes will sustain the same relation to each other as at 
the beginning, and a new cycle of eclipses begins. 

454. In a total eclipse of the Sun, the heavens are shrouded 
in darkness, the planets and stars become visible, the tempera- 
ture declines, the animal tribes become agitated, and a general 
gloom overspreads the landscape. Such were the efifects of the 
great eclipse of 1806. In a lunar eclipse, the Moon begins to 
lose a portion of her light and grows dim, as she enters the 
Earth's penumbra, till at length she comes in contact with the 
umbra, and the real eclipse begins. 

455. In order to measure and record the extent of eclipses, 
the apparent diameters of the Sun and Moon are divided into 
twelve equal parts, called digits; and in predicting eclipses, 
astronomers usually state which " limb " of the body is to be 
eclipsed — the southern or northern — the time of t)i*5 first con- 
tact, of the nearest approach of centers, direction, And numbei 
of digits eclipsed. 

nvB Duzrrs bcupsbd. twklvb digitb. 

A 





456. The last annular eclipse visible in the United Staten, 
occurred May 26, 1854. The next total eclipse of the Sun will 
be August 7, 1869. 

Some of the ancients, and all barbarous nations, formerly 
regarded eclipses with amazement and fear, as jjopernatural 
events, indicating the displeasure of the gods. Co diubus is said 

I low many of each? Least number, ard which? Usual number T What said of th^ 
order of eclipses ? Timu of cycl«,- ? 454. Describe the effects of f total eclipse of th« 
Fun. The process of a lunar eclipse? 455. How are eclipses mea.ared and recorded? 
i56. When the next azuiular eclipse visible in t^iis country ? The Q<-zt total ? How ha7r 
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to have made a very happy use of this siperstition, as already 
stated on a previous page. (Art. 433.) 

457. Eclipses can be calculated with the greatest precision, 
not only for a few years to come, but for centuries and ages 
either past or to cpnsc. This fact demonstrates the truth of the 
Copernican theory, and illustrates the order and stability that 
everywhere reign throughout the planetary regions. 

The following is a list of all tbo solar eclipses visible in Europe and America from 
1858 to the close of the present centurjr. To those visible in New England, the nainl>«r 
»f digits is annexed. 



Tear. 


Month. 


Day and hour. 


Digits. 


Year. 


Month. 


Day and hour. 


Digits. 


1858, 


Mar. 


15 6 14 A. M. 


1% 


1878, 


July 


29 4 56 P. M. 


TH 


1859, 


July 


29 5 82 P. M. 


2)i 


1879, 


July 


19 2 -0 A. M. 




1S6U, 


July 


18 7 28 A. M. 


6H 


1880, 


Dec. 


81 7 80 A. M. 


5)6 


1861, 


Dec. 


81 7 80 A. M. 


4^ 


IS82, 


May 


17 1 A. M. 




1863, 


May 


17 1 P. M. 




1885, 


Mar. 


16 85 A. M. 


6H 


1865, 


Oct. 


19 9 10 A. M. 


8H 


1886, 


Aug. 


29 6 80 A. M. 


ou 


1866, 


Oct. 


8 11 12 A. M. 





1887, 


Aug. 


18 10 P. M. 




1867, 


Mar. 


6 8 A. M. 




1890, 


June 


17 8 A. M. 




1868, 


Feb. 


23 10 A. M. 




1891, 


June 


6 Mer. 




1869, 


Aug. 


7 5 21 A. M. 


10)^ 


1892, 


Oct. 


20 19 P. M. 


8k 


1870, 


Dec. 


22 6 A. M. 




1895, 


Mar. 


26 4 A. M. 




1878. 


May 


26 8 A. M. 




1896, 


Aug. 


9 Mer. 




1874, 


Oct. 


10 4 A. M. 




1897, 


July 


29 9 8 A. M. 


4)6 


1875, 


Sept. 


29 5 56 A. M. 


llJi 


1899, 


June 


8 Mer. 




1876, 


liar. 


25 4 11 P. M. 


S% 


1900, 


May 28 8 9 A. M. 1 


11 



The eclipses of 1869, 1875, and 1900 will be rery large. In those of 1878, 1875, and 
i.880, the Sun wili rise eelipMd, 

That of 1875 will be anntUar, The scholar can continne this table, or vsUnd it Nm$Ig* 
war«'s, by adding or substracting the Chaldean period of 18 years, 11 days, 7 hours, 64 
minutes, and 81 seconds. 



CHAPTER VI. 



PRIMARY PLANETS CONTINUED— MARS AND THE 

ASTEROIDS. 

458. Marcs is the first of the exterior planets, its orbit lying 
immediately without, or beyond, that of the Earth, while thorte 
of Mercury and Yenus are within. He appears, to the naked 
eye, of a fine ruddy complexion ; resembling, in color, and appar 

the ignorant and superstitious regarded eclipses? 457. What said of the calcidatiott of 
eelipses? What does this demonstrate and illustrate T 458. Position of Man*orUl* 
flow does he appoar to the naked eyet When most brilliant? When least f 
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rent magnitude, the star Antares, or Aldebaran, near which it 
rrequently passes. It exhibits its greatest brilliancy about the 
time that it rises when the Sun sets, and sets when the Sun 
rises ; because it is then nearest the Earth. It is least brilliant 
when it rises and sets with the Sun ; for then it is five times farther 
removed from us than in the former case. 

459. Its distance from the Earth at its nearest approach is 
about 33,000,000 of miles. Its greatest distance from us is 
about 245,000,000 of miles. In the former case* it appears more 
than 50 times as large as in the latter. When it rises before the 
Sun, it is our morning star ; when it sets after the Sun, it is our 
evening star. 

The diRtance of the interior planets from the earth, varies within the limits of the' 
diameters of fiieir respective oroits; for when a planet is in thHt part of its orbit whicb 
is nearest the Earth, it is evidently nearer by the whole diameter of its orbit, than it is 
when at a point opposite, on the other side of its orbit. The emUHor planets vary iti 
distance within the limits of the diameter of the Earth^s orbit. 

460. Mars is sometimes seen in opposition to the Sun, and 
sometimes in superior conjunction with him ; sometimes gibbous, 
but never horned In conjunction, it is never seen to pass over 
the Sun's disc, like Mercury and Venus. These prove not only 
that its orbit is exterior to the Earth's orbit, but that it is an 
opaque body, shining only by the reflection of the Sun. 

461. The motion of Mars through the constellations of the 
zodiac is but little more than half as great as that of the Earth ; 
it being generally about 57 days in passing over one sign, whicb 
is at the rate of a little more than half a degree each day. Thus, 
if we know what constellation Mars enters to-day, we may con- 
clude that two months hence it will be in the next constellation ; 
four months hence, in the next ; six months, in the next, and 
80 on. 

Its mean sidereal revolution is performed in 686.9796458 solar days ; or in 686 days, in 
hours, 80 minutes, 41.4 seconds. Its iryfiodical revolution is performed in 779.986 soUr 
days ; or in 779 days, 22 hours, 27 minutes, and 50 seconds. 

462. Mars performs his revolution around the Sun in one 
year and 10^ months, at the distance of 140,000,000 of miles ; 
moving in its orbit at the mean rate of 53,000 miles an hour. 
Its diurnal rotation on its axis is performed iu 24 hours, 30 

459. Its distance from the Earth ? Wl.at effect upon its apparent magnitude ? Wlieu 
morning and evening star ? How do the distances of the planets from the Earth vary r 
Their apparent diameters ? 460. Is Mars ever in oppofrition to the Sun? In con^u^iC' 
tionf Its phases? Does it ever transit the Sun ? What do these facts prove t 46i. 
What is his rate of motion through the constellations f What calculation based upon it ? 
468. Uls periodic time ? Distance from the Sun? Mean rate of molioo per boui'l Titan, 
«if rotation on his axis ? How does bis day compare with oars f 
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minutes, and 21| seconds ; 'which makes its day about 44 mhmtea 
longer than ours. 

463. Its form is that of an oblate spheroid, whose polar dia- 
meter is to its equatorial as 55 is to 56» nearly. Its diameter is 
4,300 miles. Its bulk, therefore, is 7 times less than that of the 
Earth ; and being nearly 50,000,000 of miles farther from the 
Sun, it receives from him less than half as much light and heat. 

464. The inclination of its axis to the plane of its orbit, is 
about 28|°. Consequently, its seasons must be very similar to 
those of the Earth. Indeed, the analogy between Mars and the 
Earth is greater than the analogy between the Earth and any 
other planet of the solar system. Their diurnal motion, and of 
course the length of their days and nights, are nearly the same ; 
the obliquity of their ecliptics, on which the seasons depend, are 
not very different ; and, of all the superior planets, the distance 
of Mars from the Sun is by far the nearest to that of the Earth ; 
nor is the length of its year greatly different from ours, when 
compared with the years of Jupiter, Saturn and Uranus. 

465. To a spectator on this planet, the Earth will appear 
alternately, as a morning and' evening star ; and will exhibit all 
the phases of the Moon, just as Mercury and Venus do to us ; 
and sometimes like them, will appear to pass over the Sun's disc 
like a dark round spot. Our Moon will never appear more than 
a quarter of a degree, from the Earth, although her distance from 
it is 239,000 miles. If Mars be attended by a satellite, it is too 
small to be seen by the most powerful telescopes. 

When it is considered that Vesta, the smallest of the asteroids, which is OMCtf ctnd %i 
iUi^times the distance of Mars from us, and only 269 miles in diameter, is perceirable 
In the cpen space, and that without the presence of a more conspicuous body to pcict It 
out, we may reasonably conclude that Mars is without a Moon. 

466. The progress of Mars in the heavens, and indeed of all 
the superior planets, will, like Mercury and Venus, sometimen 
appear direct, sometimes retrograde, and sometimes he will seem 
stationary. The portion of the ecliptic through which a planev 
seems to retrograde is called the Arc of Retrogradaiian. Tht 
more remote the planet the less the arc, and the longer the time 
of its retrogression. These retrograde movements and stations, 
as they appear to a spectator from the Earth, are common to 
all the planets, and demonstrate the truth of the Copernican 
^ysteiL. 

468. Form of Mars? Diameter? Bulk? Light and heat? 464. Inclination cf hit 
axis to the plane of his orbit? His seasons? Uesemblance to our globe? 466 llov 
a-ould the Earth appear to a spectator upon Mars ? Our Moon ? Has Mars a MUmUtef 
166. What said uf Uie motions of Mar« and the other planets? What ooustttotct *k^ 
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467. The telescopic phenomena of Mara afford peculiar inleresl 
to astronomers. They behold its disc diyersified witli nnmcrou? 
irregular and variable spots, and ornamented with zones and 
belts of varying: brilliuncy, that form, and disappear, by tnnis. 
Zones of intense bri(jhtness are to be seen in its polar regions, 
sabject, however, to gradual change.s. That of the southern 
pole is much the moat brilliant. Dr, Herschel snpposes that 
they ar,- produced by the reflection of the Sun's light from tlio 
frozen regions, and that the melting of these masses of polar ici- 
is the nose of the variation in their magnitude and appearance. 

ireef RttmgnrdnMm r ■*h«l<lo Ihnemellmiprovef «7. HowdiM ttmnpncar 
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He was the more confirmed in these opinions by observing that after the exposure of 
<the luminous sone about tlie north pole to a summer of eight months, it was considerably 
decreaued^ while that on the south pole, which had been in total darkness during eight 
months, had considerably increased. He observed, farther, that when this spot wsu 
must luminous, the disc of Mars did not appear exactly rounds and that the bright pur? 
of its southern limb seemed to be swollen or arched out beyond the proper curve. 

468. The extraordinary height and density of the atmosphere 
of Mars, are supposed to be the cause of the remarkable redness 
cf its light. It has been found, by experiment, that when xt 
beam of white light passes through any colorless transparen*^ 
medium, its color inclines to red, in proportion to the density of 
v<he medium, and the space through which it has traveled. Thus 
the Sun, Moon, and stars, appear of a reddish color when near 
the horizon ; and every luminous object, seen through a mist, is 
of a ruddy hue. 

This phenomena may be thus explained : — The momentum of the red, or least refrangi- 
ble rays, being greater than that of the violet, or most refrangible rays, the former wil' 
make their way through the resisting medium, while the latter are either reflected or 
absorbed. The color of the beam^ therefore, when it reaches the eye, must partake of 
the color of the least refrangible rays, and this color must increase with the distance. 
The dim light, therefore, by which Mars is illuminated, having to pass twice through it* 
atmosphei e before it reaches the Earth, must be deprived of a great proportion of iti 
violet rays, and consequently then be red. Dr. Brewster supposes that the difference ot 
color among the other planets, and even the fixed start is owing to tlxe different heights 
and densities of their atmospheres. 



THE ASTEROIDS, OR TELESCOPIC PL.\NETS. 

469. Ascending higher in the solar system, we find, between 
the orbits of Mars and Jupiter, a numerous cluster of small plan- 
ets, which present a variety of anomalies that distinguish them 
from all the older planets of the system. The first of these, 
namely, Ceres, was discovered by Piazzi, at Palermo, January 1, 
1801 ; and three others, namely, Pallas, Juno, and Vesta^ have 
been known since 1807. More than one hundred of these plan- 
ets have been discovered since that time, the greater part of 
them since 1853. [See Table, p. 231.] 

470. The scientific Bode entertained the opiaion, that the 
planetary distances, above Mercury, formed a geometrical series, 
3ach exterior orbit being double the distance of its next interior 
one. from the Sun ; a fact which obtains with remarkalile exact- 
ness between Jupiter, Saturn, and Uranus. But this law seemed 
to be interrupted between Mars and Jupiter. Heuee he interred, 
that there was a planet wanting in that interval ; which U now 

this opl ion ? 46S. Supposed cause of the ruddy color of Mars ? PhllctophioAl expU- 
nation T Dr. Brewfite r*s opinion ? 469. Position and numi '^r of the asterc'ds t When 
iiioov«;r<df 470. Bode's theory? What seeming inurru.uioo? What condastof * 
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aappily supplied by the discovery of tlie numerous star-form 
planets, occupying the very space where the unexplained vacancy 
presented a strong objection to his theory. 

According to Bode, the distances of the planets may be expressed nearly as foUo#0 : the 
Earth's distance from the Sun being 10. 
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Comparing these values with the actual mean distances of the planets from the Son, 
3rt cannot hut remark the near agreement, and can scarcely hesitate to pronounce that 
the respective distances of the planets from the Sun, were assigned according to a law, 
although we are entirely ignorant of the exact law, and of the reason fcr that law.— 
BrinJUey'n EieTnentt^ p. 89. 

4T1. The Asteroids are vnuh smaller in size than the older 
planets — they all revolve at nearly iht same, distances from the 
Sun, and perform their revolutions in nearly the same ^periods — 
'.heir orbits are much more eccentric, and have a much greater incii- 
nation to the ecliptic — and what is altogether singular, except Id 
'ihe case of comets — some of their orbits cross each other ; so that 
^;here is even a possibility that two of these bodies may, some 
'ime, in the course of their revolutions, come into collision. 

The orbit of Vesta is so eccentric, that she is sometimes 
farther from the Sun than either Ceres, Pallas, or Juno, although 
her mean distance is many millions of miles less than theirs. The 
orbit of Vesta crosses the orbits of several other asteroids, in 
two opposite points. 

The student should here refer to the Figures, Map I. of the Atlas, and verify s'lch of 
those particulars as are there represented. It would be well for the teacher to require 
him to observe particularly the positions of their orbits, and to state their different 
degrees of inclination to the plane of the ecliptic. 

472. From these and other circumstances, many eminent 
astronomers are of opinion, that these telescopic planets arc 
the fragments of a large celestial body which once revolved 
between Mars and Jupiter, and which burst asunder by some 
tremf'ndous convulsion, or some external violence. The dis- 
covery of Ceres, by Piazzi, on the first day of the present cen- 
tury, drew the attention of all the astronomers of the age to 
that region of the sky, and every inch of it was minutely explor- 
ed The consequence was, that in the year following, Dr: Olbers, 
of Bremen, announced to the world the discovery of Pallas, 
situated not many degrees froi» Ceres, and very much resemblint^ 
it iu size. 



liow substantially Juf-v'.fled? 471. Siie of the asteroids? Distance from tbo SunV 
i*tfriodic time ? Forms of their orbits ? Position with respect to the ecliptk vr> ' 
•ther singularity in their orbits ? What remarlcable facts respecting the orbit o. V' 
473. What conclusion has been drawn froir these facts? Prngr«is!i oi discovery t 
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473. From this discovery, Dr. Olbers first conceived the idcis 
that these bodies might be the fragments of a former world ; and 
if so, that other portions of it might be found either in the same 
neighborhood, or else, having diverged from the same point, 
" they ought to have two common points of reunion, or two 
nodes in opposite regions of the heavens through which all the 
planetary fragments must sooner or later pass." 

474. One of these nodes he found to be in the constellation 
Virgo, and the opposite one in the Whale ; and it is a remark- 
able coincidence that it was in the neighborhood of the latter 
constellation that Mr. Harding discovered the planet Juno. In 
order, therefore, to detect the remaining fragments, if any 
existed, Dr. Olbers examined, three times every year, all the 
small stars in Yirgo and the Whale ; and it was actually in the 
constellation Virgo, that he discovered the planet Vesta. Since 
that time, very many additional asteroids have been discovered^ 
and it is not unlikely that still additional fragments of a similar 
description will hereafter be discovered. 

Dr. Brewster attributes the fall of meteoric stones to the 
smaller fragments of these bodies happening to come within the 
sphere of the Earth^s attraction. 

Meteoric stones, or what are generally termed asroUtes, are stones which sometimes 
fall from the upper regions of the atmosphere upon the Earth. The substance of wliicii 
th«y are composed, is, for the most part, metaUic ; but the ore of which it consists is not 
to be found in the same corustitHeiU proportions in any known substance upon the Earth. 
Their fail is generally preceded by a luminous appearance, a hissing noise, and a loud 
explosion ; and when found immediately after tiieir descent, they are always hot, and 
usually covered with a black crust, indicating a state of exterior fusion. 

Their siae varies from that of small fragments of inconsiderable weight to that of the 
most ponderous masses. They have been found to weigh from 800 pounds to several tons ; 
and they have descended to the earth with a force sufficient to bury them many feet 
under the surface. 

Some have supposed that they are prcjected from volcanoes in the Moon ; others that 
chey proceed from volcanoes on the Earth ; while others imagine that they are gene- 
rated in the regions of the atmosphere ; but the truth probably is not yet ascertained. U 
bome instances, these stones have penetrated through the roofs of hooses, and provet* 
destructive to the inhabitants. 

If we carefully compute the force of gravity in the Moon, we shall find that if a body 
were projected from her surface with a momentum that would cause it to move at the rate 
of 8200 feet in the first second of time, and in the direction of a line joining the centers 
of the Earth and Moon, it would not fall again to the surface of the Moon ; bat would 
become a satellite to the Earth. Such an impulse might, indeed, cause it, even after 
many revolutions, to fall to the earth. The fall, therefore, of these stones, tram the ail, 
may be accounted for in this manner. 

Mr. Harte calculates, that even a velocity of 6000 feet in a second, would be soficieut 
to carry a body protected from the surface of the Moon beyond the power of her attrar* 
tion. If so, a projectile force three times greater than that of a cannon, would carry a 
a body from the Moon, beyond the point of equal attraction, and cause it to reach thr 
Earth. A force equal to this is often exerted by our volcanoes, and by subterraneau 
steam. Hence, there is no impossibility in the supposition of their coming from the Moon 

478. Theory of Dr. Olbers f 474. Where did he find these nodes? What remarkable 
coincidence ? Dr. Olbers* efforts f Discoveries since ? Dr. Brewster's idea respecting 
vHeoric stones ? What are meteoric stones? Circumstances of their fall f 8ia«t and 
wiu'at? Huppusod oriKio? OouM they have fallen froi the Moouf What oomputatloos t 
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475. Yesta is the only asteroid that can be seen with the naked 
eye. 

476. The largest of the asteroids is probably about 220 miles 
Id diameter; the smallest is less than 20 miles. 

477. The following table comprises their names, &c. : 
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CHAPTER YII. 
PRIMARY PLANETS— JUPITER AND SATURN. 

473. Jupiter is the largest of all the planets belonging to the 
Bolar system. It may be readily distinguished from the fixed 
stars, by its peculiar splendor and magnitude ; appearing to the 
naked eye almost as resplendent as Venus, although it is more 
than seven times her distance from the Sun. 

When his right ascension is less than that of the Sun, he is 
our morning star, and appears in the eastern hemisphere before 
the Sun rises ; when greater, he is our evening star, and lingers 
in the western hemisphere after the Sun sets. 

Nothing can be easier than to trace Jupiter among the con- 
stellations of the zodiac ; for in whatever constellation he is seen 
to-day, one year hence he will be seen equally advanced in the 
next constellation • two years hence, in the next ; three years 
hence, in the next, and so on ; being just a year, at a mean rate, 
in passing over one constellation. 

The exact mean motion of Jupiter in its orbit, is about one-twelfth of a decree in a day ; 
%'hich amounts to only 80* 20' 82' in a year. 

For 12 years to come, he will, at a mean rate, pass through 
the constellations of the zodiac, as follows : 



1S67, Caprlcomub. 
186S, Aquarius. 
18G9, Pisces. 
1S70, Ariea. 



1871, Taunis. 

1872, Gemini. 
1878, Oancar. 
1874, Leow 



18T.% Virgo. 

187G, Libra. 

1877, Scorpio. 

1S7S, SagittarioB. 



479. Jupiter is the next planet in the solar system above the 
asteroids, and performs his annual revolution around the Sun in 
nearly 12 of our years, at the mean distance of 475,000,000 of 
miles ; moving in his orbit at the rate of 29,000 miles an hour. 

The exact period of Jnpiter's sidereal revolution is 11 years, 10 months, 17 dayn, 14 
hours, 21 minutes, 8IU seconds. His exact mean distance from the Snn is 475,693,0(>0 
miles ; consequently, the exact rate of his motion in his orbit is 28,744 miles per hour. 

480. He revolves on an axis, which is nearly perpendicular to 
the plane of his orbit, in 9 hours, 55 minutes, and 50 seconds ; 
so that his year contains 10,471 days and nights; each about 
6 hours long. 

His form is that of an oblate spheroid, whose polar diameter 

478. Comparative sise of Jupiter ? How distinguished from the fixed stars? Wheo 
ODorning star, ice, ? Is he easily traced ? 479. His position in the system? His peri- 
odic time? Distance from the Sun? Rate of motion? 480. Time of diuma. revoiu- 
tionf Pasition of axis ? Length of his days ? Number in his year ? His forra CaoM 
1/ bis obJaceneas ? DiflTevence of equatorial and polar diameters ? The Cartb ? 
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is to its equatorial, as 16 to 17. He is therefore considerably 
more flattened at the poles than any of the other planets, except 
8aturn. This is caused by his rapid rotation on bis axis ; for it 
is an aniversal law that the equatorial parts of every body, 
revolving on an axis, will be swollen out, in proportion to the 
density of the body, and the rapidity of its motion. 

The dMTerenee between the polar and equatorial diameters of Jupiter, exceeds 60M 
Biles. The difl^ence betweeo the polar and equatorial diameters of the Earth, is only 
SH} miles. Jupiter, even on the most careless view through a good telescope, appears to 
be oral; the longer diameter being parallei to the direction of his belts, irhich are also 
piirallel to the e^^tic. 

481. By this rapid whirl on its axis, his equatorial inhabitants 
Are carried around at the rate of 27,600 miles an hour; which is 
2700 miles faither than the equatorial inhabitants of the Earth 
are carried, by its diurnal motion, in twenty-four hours. 

The true mecm diameter of Jupiter is 85,390 miles ; which 
is nearly 11 times greater than the Earth's. His volume is, 
therefore, about thirteen kutidred times larger than that of thn 
Earth. ( For magnitude as compared with that of the Earthy stt 
Map L) On account of his great distance from the Sun, the 
degree of light and heat which he receives from it is 27 times 
less than that received by the^Earth. 

When Jupiter is in coDjunction, he rises, sets, and comes to the meridian with the Sao * 
but is Derer obaerred to make a transit, or pass over the Sun*s disc ; when In oppofifeion, 
he rises when the Sun sets, sets when the Sun rises, and comes to the meridiab at mid 
night, which never happens in the case of an irUerior planet. This proves that Jopitet 
revolves in an orbit which is eseterior to that of the Earth. 

482. As the variety in the seasons of a planet, and in the 
length of its days and nights, depends upon the inclination of its 
axis to the plane of its orbit, and as the axis of Jupiter has 
little or no inclinaiion, there can be no difference in his seasons, 
on the same parallels of latitude, nor any variation in the length 
of his days and nights. It is not to be understood, however, 
that one uniform season prevails from his equator to his poles ; 
but that the same parallels of latitude on each side of his equa- 
tor, uaiformly enjoy the same season, whatever season it may be. 

About his equatorial regions there is perpetual summer ; and 
at his poles everlasting winter ; but yet equal day and equal 
night at each. This arrangement seems to have been ktudi} 
ordered by the beneficent Creator ; for had his axis been inclined 
to his orbit, like that of the Earth, his polar winters would have 
been alternately a dreadful night of six years' darkness. 

4S1. Motion at Jupiter's equator ? His mean diameter ? His volmne f Liijht and beati 
Docs he ever transit the Sun f What proof that his orbit is exterior to that of th r Baithf 
M'i. Wliat of the teutons of Jupiter ¥ What apparent manifesUUon of IHirin« WMom' 
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183. Japiter, when 
viewed through a 
telescope, appeurs to 
lie sarronnded by a 
number of luminona 
zones, uBuull; termed 
belts, that frequently 
estend quite aroand 
him. These belts are 
parallel not only to 
each other, but, in 
geoeral, to bis equa- 
tor, which is also 
nearly parallel to the 
ecliptic. They are 
Butgect, however, to considerable variation, both in breath and 
nnmber.- Sometimes eight have been seen atonce ; sometimes only 
one, bat more nsnally three. Dr. Herschel once perceived his 
«hole disc covered with smull belts, though they are more 
DMally confined to within 30° of his equator, that is, to a zone 
60° in width. 

Sometimes these belts continue for months at a time with little 
or DO variation, and sometimes a new belt has been seen to form 
in a few hoan. Sometimes they are interrupted in their length ; 
and at other times, tbey appear to sprend in width, and run into 
each other, until their breadth exceeds 5000 miles. 

484. Bright and dart spots are also frequently to be seen in 
the belts, which usually disappear with the belts themselves, 
though not always, for Cassini observed that one occupied the 
same position more than 40 years. Of the cause of these vari* 
able appearances, bnt little is known. They are generally sup- 
posed to be nothing more than atmofpheriml fhenamewi, rcsnlting 
iVom, or combined witli, the rapid motion of the placet upon its 
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MOONS OF JUPITEK. 

485. Jupiter is attended by four satellites or moons Ther 
Are easily seen with a common spy- ___^ ^ ^^^^ ^^ ^^ ^^^ ^ 
glass, appearing like small stars jurnu. 

near the primary. (See adjoining 
cut.) By watching them for a few 
evenings, they will be seen to change 
their places, and to occupy different 
positions. At times, only one or two 
may he seen, as the others are 
either between the obserrer and th: 
planet, or beyond the primary, or 
eclipsed by his shadow. 

486. The size of these satellites 
is abont the same as our moon, 
except the second, which is a trifle 
less. The 6rst is about the distance 
of oar mooD ; and the others, re- 
spectively, about two, three, and 
five times as far off. 




487 Their periods of revolution are from 1 day 18 boon lu 
it days, according to their distances. This rapid motion is 
Qoccsaafy, in order to couiitcvbalance the powerfnl centripetal 
force of the planet, and to keep the satellites from falling to liis 
«orfaco. 



Juplwr*! utelllleir ySbfrnntUI 
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The magnitudes, distances, and periods of the moons of Jupiter are as roUovrs: 

Diameter in milea. Distance. Periodic tinwA. 

l8t 2,500 270,000 IdaylSbours. 

2d 2,200 420,000 8 " IH " 

8d 8,500 T00,000 7 •• 4 •» 

4th 2,8»0 1,200,000 16 •• 16 •• 

438. The orbits of Jupiter's* moons are all in or near the plane 
;)f his equator ; and as his orbit nearly coincides with the eclip- 
tic, and his equator with his orbit, it follows that, like our own 
moon, his satellites revolve near the plane of the ecliptic. On 
this account, they are sometimes between us and the planet, and 
sometimes beyond him, and seem to oscillate, like a pendulum, 
from their greatest elongation on one side to their greatest elon- 
gation on the other. 

489. Their direction is from west to east, or in the direction 
their primary revolves, both upon his axis and in his orbit. From 
t he fact that their elongations east and west of Jupiter are nearly 
the same at every revolution, it is concluded that their orbits 
are but slightly elliptical. They are supposed to revolve on 
their respective axis, like our own satellite, the moon, once dur-: 
iug every periodic revolution. 

490. As these orbits lie near the plane of the ecliptic, they 
haTe to pass through his broad shadow when in opposition to the 
San, and be totally eclipsed at every revolution. To this there 
is bat one exception. As the fourth satellite departs about 3° 
from the plane of Jupiter's orbit, and is quite distant, it some- 
times passes above or below the shadow, and escapes eclipse. But 
such escapes are not frequent. 

These moons are not only often eclipsed, but they often eclipse 
Jupiter, by throwing their own dark shadows upon his disc. 
They may be seen like dark round spots traversing it from side 
to side, causing, wherever that shadow falls, an eclipse of the 
Sun. Altogether, about forty of these eclipses occur in the sys- 
tem of Jupiter every month. 

491. The immersions and emersions of Jupiter's moons have 
reference to the phenomena of their being eclipsed. Their 
tnirance into the shadow is the immersion ; and their coming out 
of it the emersion. 



4Sd. Uow are their orbits situated ? Ho v satellites appear to move ? 4S9. Direction 
cr Lecondaries? Form of orbits? How ascertained? What motion on axis? 490. 
\S'hat said of eclipses ? Of fourth satellite ? Of solar eclipses upon Jupiter ? Numoer 
of solar and lunar? 491. What are the immer«i4me and mnereUyns of Jupiter's 
noons* Ar; the immersions and emersi'^s always visible from the Earth? Wh/ not? 
'liasurAtr 
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The above is a perpendicular view of the orbits of Jupiter's satellited. His oroad 
shadow is projected in a direction opposite the Sun. At C, the second satellite is suffer 
ing an imm^rsion^ and will soon be totally eclipsed ; while at D, the first is in the act of 
emertdotiy and will soon afjpear with its wonted brightness. The other satellites are seen 
to cast their shadows off into space, and are ready in turn to eclipse the Sun, or cut off a 
portion of his beams from the face of the primary. 

If the Earth were at A in the cut, the imfnersioiif represented at C, would be inylsible ; 
and if at B, the emersion at D could not be seen. So, also, if the Earth were exactly at 
P, neither could be seen ; as Jupiter and all his attendants would be directly beyond the 
Bun, and would be hid from our view. 

492. Tiip sjstem of Jupiter may be regarded as a miniature 
representation of the solar system, and as furnishing triumphant 
evidence of the truth of the Copernican theory. It may also be 
l^egarded as a great natural clock, keeping absolute time for the 
whole world ; as the immersions and emersions of his satellites 
furnish a uniform standard, and, like a vast chronometer huug* 
up in the heavens, enable the mariner to determine his longitude 
upon the trackless /ieep. 

By long and careful observations upon these satellites, astronomers have been aUe to 
construct tables, showing the exact time when each immersion and emersion will takt 
pl9ce, at Greenwich Observatory, near London. Now suppose the tables fixml the tiae 
for a certain satellite to be eclipsed at 12 o'clock at Greenwich, but we find it to ooew at 
il o'clock, for instance, by our local time : this would show that our thne was Uiree hoon 
behind the time at Greenwich ; or, in other words, that we were three hoars, or 45% wtd 
of Greenwich. If our time was ahead of Greenwich time. It would show that we were 
east of that meridian, to the amount of 15* for every hoar or variation. Bat this method 
of finding the longitude is less used than the *Munar method** (Art. 407), on aoeoontof 
the greatcx difficulty of making the necessary observations. 

403. By observations upon the eclipses of Jupiter's moons, u 
compared ^ith the tables fixing the time of their occurrcnee, it 
was discorered that light had a progressive motion, at the rate 
of about 190,000 miles per second. 

This discovery may be illustrated by again referring to the preceding cot. In the year 
1675, it was observed by Roemer, a Danish astronomer, that when the Earth waa nearest 
to Jupiter, as at E, the eclipses of his satellites took place 8 minutes 18 seconds «NMMr 
than the mean time of the tables ; but when the earth was farthest from Jupiter, as at 
F, the eclipses took place S minutes and 18 seconds lai^ than the tables predicted, Ih; 
entire difference being 16 minutes and 26 seconds. This difference of time he ascribed to 
the progressive motion of light, which he concluded required 16 minatM and S6 M00A4i 
to cross the earth's orbit Irom E to F. 

'tIKi. How may the system of Jupiter be regarded ? What use of it made In BaTigatlMr 
Diustrate method? Is it much used ? 493. What discovery by obaerrtM tkm ooBmm 
of J>ipitor*s moons? Explain theprocass? 
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Tills progreM maj be demonstrated as foUows :— lOm. 26s. = 986s. If the radius of the 
Earth's orbit be 91,500,000 miles, the diameter mrist be twice that, or 188,000,000. 
Divide 183,000,000 miles by 986 seconds, and we have 185.508i||| miles as the progress of 
light in each second. At this rate, light would pass nearly eight times around the globe 
at everv tick of the clock, or nearly 600 times every minntf I 

494. Jupiter, when seen from his nearest* satellite, appears a 
thousawl limes larger than our Moon does to ns, exhibiting on a 
scale of inconceivable magnificence, the yarying forms of a cres- 
cent, a half moon, a gibbous phase, and a fall moon, every 42 
hours. 

•SATURN. 

495. Satukk is situated between the orbits of Jupiter and 
Uranus, and is distinctly visible to the naked eye. It may be 
easily distinguished from the fixed stars by its pale, feeble, and 
steady light. It resembles the star Foraalhaut, both in color 
and size, differing from it only in the steadiness and uniformity 
of its light. 

From the sHnrness nf Its Bkoiion In its orbit, the papil throughout the period of hie 
irhole life, may trace its apparent coarse among the stars, wHhont any danger of mis- 
take. Having once found when it enters a particular constellation, he may easily remem- 
ber where he is to lo<rfc for it in any subsequent year ; because, at a mean rate, it is just 
8>i years in passing over a sin^e sign or constellation. 

Saturn's mean daily motion among the stars is only about 2', 
the thirtiUh part of a degree, 

496. The mean distance of Saturn from the Sun is nearly 
double that of Jupiter, being about 872,000,000 of miles. His 
diameter is about 70,000 miles ; his volume, therefore, is seven 
hundred thnes greater than the Earth's. Moving in his orbit at 
the rate of 21,000 miles an hour, he requires 29^ years to com- 
plete his circuit around the Sun : but his diurnal rotation on his 
axis is accomplished in 10^ hours. His year, therefore, is, nearly 
thirty times as long as ours, while his day is shorter by more 
tha& one-half. His year contains about 25,150 of its own days, 
which are equal to 10,759 of our days. 

497. The surface of Saturn, like that of Jupiter, is diversified 
with belts and dark spots. Dr. Herschel sometimes perceived 
five belts on his surface ; three of which were dark and two 
bright. The dark belts have a yellowish tinge, and generally 
cover a broader zone of the planet than those of Jupiter. 

To the inhabitants of Saturn, the Sun appears 90 times less than he appears «t the 
Rarth ; and they receive from him only one ninetieth part as much light and heat. But 

4M. How does Jupiter appear from his nearest satellite ? 495. Situation of Saturn ? 
flow distinguished f How trac>»? His rate of motion in the heavens f 496. IKstancv 
"^om atti Sun f Piameter ? Volan»e ? Rate of motion in orbit ? Periodic time Y Diur 
nal revolution r Days In Lis year? 497. Appearance of his surface? Belts! Tlie 
eim as aeea from Satnm* Li^t and bent of that planet? Estimated strength of Ilia 
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498. The telescopic appearance of Satarii is unparalleled. It 
is even more interesting than Jupiter, with all hia mootiB and 
belts. Ttiat which eminent); distingoisLcs this plnnet from 
crery other in the system, is a magnificent zone or ring, eneir 
cEiiig It with perpetoal light. 




499. The light of tlie ring is more brilliant than the placet 
itself. It turns around its center of motion in the same tirao 
that Saturn turns on its axis. When viewed with a good 
telescope, it is usually found to consist of two concentric rings, 
divided by a dark baud. 

dlriiUinwBBdiBdndlU'ieenlijl'ror. kdctc.on the Siti al April, ISSI.iad alga by Mr. 
Lujcl, OB ll« Itii of Scpiember, 1918, Kl hli obierWoiT iinr UvtrjHWI, Eogland. Bil 
dlOrcrcnl Hiigs Hurt Ken *t Rome, in Italy, on (he nlilit tl Die »lh of May, I8»S. kai 

500. As our view of the rings of Saturn is generally an 
oblique one, they usually appear eUiplical, and never circular. 
The ellipse seems to contract for about TJ years, till it almost 
entirely disappears, when it begins to expand again, and con- 
tinues to enlarge for 1i years, when it reaches ita maximum of 
expansion, and t^in begins to contract. For fifteen years, tbi 
part of the rings toward us seems to be thTown up, while for the 

lolsr rutUncct 4>S. Tdwwopic ■puearicu of Situnir For irlul ill>tin(iil(hadt 
tW. CoQiiaraiWelleblnf bli rtngsT Time of roUlion Kround Ihi planal r Howdoal 

otU.erlngn? Wliy empllcul r Whitporlodlc'arialonof expnnilaar o/^BdliuUi*! 
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nest firteea it appears to drop Idow the apparent center of tbs 
planet ; and while shifting from one extreme to the other, the 
rings become almost invisible, appearing only as a faint line cf 
light running from the planet in opposite directions. The ring? 
vary also in their inclination, sometimes dipping tc the right, 
and at others to the left. 




501. The rings of the 
planet are always directed 
more or less toward the j 

Earth, and sometimes i 
actij toward us ; so that I 
we nerer see them perpen- 
dicularly, but always either 
exactly edgswise, or ob- 
liquely, as shown in the last 
figare. Were either pole 
of the planet exactly toward 
us, we should then have a 
perpendicular view of the 
rings, as shown in the ad- 
joining cut. 

502. The variona phases of Saturn's rings arc explained by 
the facts that his axis remains parallel to itself (see following 
cat), with an nniform inclination to the plane of his orbit, which 
is very near the ecliptic ; and as the rings revolve over his 
equator, and at right angles with his axis, they also remain 
parallel to themselves. The revolution of the planet about the 
Earth every 30 years, must therefore bring first one side of the 
-ings to view, and then the other — causing all the variations of 
expansion, position, and inclination which the rings present. 

mi Haw are the Hngg sltuited trilh respect to the Earth T Hotrnaiitd tfa^f up«Brl! 





Urn obHrre, ttnC Ihsl Ui« nig of Bslorn, like (hoK or nil thi 
pflFmaQenI, oT paroUel teWt iUf^; And lu the riai^ areia thv p 
fct right angles with hJe mils, the; also mial rtmiiia parall^ ti 



III be 15 7e 






Ide; and ult require] abtutSO yesn tar the pUnel 
II la plain Ihit the allernute dajund alght on the riDga 

e tnwnrd the Sun. and dIsd loHiird the Earth, proTMed 



rix rings of aalUTQ irere ln-l<ible, u rings, from the HM 0( iprll, 1348, to the IVth or 
Januir)'. ISIV. lie ciiine to lild equinox Siipiember T, 131S ; from which lime to Vebruniy, 
IIH|Ui ling* ennttnued to eipnnil. Horn thsr, time t<iJunp. 1383. they euntnoUd, 

lain, t»Bepteinber,lS70,thei| will afrain eipandi and rrom S^tembcr, I3I0, (o Mircti, 
ISTT, ther will CDutruc'^ irh<^n be will ba u tJie equinox paued September 7, 1S4S, or 
n>t /ear. before. ^ 

The writer has otlcn leen theritigi orBaturD In dllTerent gtagei of expanrion, and eon- 
traction, and onot when lliey were alnuwl direeily nijevrite toward the Barlh. At that 
lime (Jannarf , IS4t), thej appeared ai a brlKbt [ins of light, aa repreiented at A and 
E, ta the Snrt cut on the preceding page. 

503. The dimensions of the rings of Saturn may he stated Id 
rouud Dumbera as follows : 

HUeg. 

Distance from tbe body of the planet to the first 

ring 18,350 

Width of interior ring 16,500 

Space between the interior and exterior rings . . 3,000 

Width .»£ exterior ring 10,000 

Tbiekneaa of the ritiga 100 



* taieini oti 



and dimendorii ofhis rin^berinn^al the bcdjr af the plurl, 
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onHiurj coiMliulaii Ihat Ik* lunar borilarol Ihc rlagbu, itDce Iha Ifue ol Hujteta, 
fcMn sndullj npprouhlag Iha badjr of Salura. and thai we may expect, aooner or 
Mtr, pcrha^UniadiKniiC jain, u hc the rJuga unlWd witn tlie bodj stiha iilansC.'* 

604. The rings of Satara serve ns re&cclors to reflect the 
ti(tht of the Sun npoa his disc, aa our Moon reflects the li}^ht to 
the Earth. In his noctni'n&l sky, the; mnat appear like two 
E^otgeous arches of light, bright aa 
rho fall moon, and spanning the 
Thole heiiTena like a stopendotia 
rainbow. 

Id tda innaied out, tlia bchoLdtr is Buppond 

enturn, sod looking ilVracUraouUi. "The ahadoiB 

'lienfgfts'irai.c^twIilferJI'Mj&ln'ifshoiS 
Ui Itie wesl, 4D<1 a eWl Mom Id the eul al Ibo 

505. The two rings nnited are nearly 13 times as wide as the 
diameter of the Mooa ; and the nearest is only ^'^th as far from 
the planet as the Moon is from ns. 

506. The periodic time of Salarn being nearly thirty years, 
his motion eastward among the stars mnst be very slow, amount- 
iDg to only 12° a year, or one s^n in 2^ years. It will be easy, 
therefore, having once ascertained bis ponCion, to watch bis slow 
prepress eastward ycir after year, as hu performs bis vast circnit 
aroand the heavens. 

MOONS OF SATURlf. 
501. Beades the magnificent rings already described, th 
telescope reveals 6^ht lateUiles or moans, revolving around Saturn. 
But these are seen only with good instruments, and under favor- 
able circumstances. 



ringir £»S. Eaaimud moitw d( 
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siTiLunB or ultch. 

The best time for observ- 
ing them is when the planet 
is at his equinoxes, and his 
rings are nearly invisible. 

In JantiaiTi 1849, the author saw five 
of these satellites, as represented in the adjoining cat. The rings appeared only as a lie • 
-tf light extending each way from the planet, and the satellites were in the direction or 
'Jii; line, at different distances, as here represented 

508. These satellites all revolve eastward with the rings of 
:he planet, in orbits nearly cn*cular, and, with the exception of 
the eighth, in the plane of the rings. Their mean distances, 
respectively, L'om the planet's center are from 123,000 to 
2,366,000 miles ; and their periods from 22 hours to 79 days, 
according to their distances. 

Th^ distances and periods of the satellites of Saturn are as follows : 

Distance in mile*. Periodic times. Distance in miles. Periodic times. 

5th 343,000 4 days 12 hoara 

6th 796,000 16 " 22 " 

7th 1,106,001) 22 »• .. " 

8th 2,313,000 79 " T •• 



Ist 121,000 days 22J hours 

2d 165,000 1 ♦' 9 " 

3d 191,000 1 •* 21 " 

4th 246,000 2 " 17 " 



OOMPAHATIVB DISTANCES OP THB MOONS OF SATDRN. 
1»»4. « • v 



509. The most distant of these satellites is the largest, sup 
posed to be about the size of Mars ; and the remainder grow 
smaller as they are nearer the primary. They are seldom eclipsed, 
on account of the great inclination of their orbits to the ecliptic, 
except twice in thirty years, when the rings are edgewise toward 
the Sun. The eighth satellite, which has been studied more than 
all the rest, is known to revolve once upon its axis during every 
periodic revolution ; from which it is inferred that they all 
revolve on their respective axis in the same manner. 

8T8TK1I OF SATURN — ^NO KCLIPSKS. 

Let the line A B represent the plane 
af the planet's orbit, C D his axis, and 
B F the plane of his rings. The satellites 
being in the plane of the rings will 
revolve around the shadow of the pri- 
mary, instead of passing through it, and 
being eclipsed. _A 

At the time of his equinoxes, however, 
when the rinj^s are turned toward the 
Hun (see A and E, cut, page 242) they 
tnnst be in the center of the shadow on 

608. The revolutions y Shape and position of their orbits ? Distances ft-om their pti 
mary? 609 Comparative siuof 
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iLo opposite side ; and the moons, re'r^lvlQi; In the plane of the rings, must pase Itoagb 
tho- shMow at every revolution. The eighth, however, may sometimes escape, on «eeoiuit 
of his departure from the plane ol the rtrgs, aa shown in the cut. 

510. The theory of the satellites of Saturn is less perfect than 
than that of the satellites of Jupiter. The diflBculty of observ- 
ing their eclipses, and of measuring their elongations from their 
primary, have prevented astronomers from determining, with 
their usual precision, their mean distances and revolutions. But 
of this we are certain : there is no planet in the solar system, 
whose firmament presents such a variety of splendid and mag- 
nificent objects as that of Saturn. 

The various aspects of the seven moons, one lislog above the horixon, while another l:i 
setting, and a third approaching to the meridian ; one entering into an eclipse, and 
another emerging from one ; one appearing at a crescent, and another with a gibbous 
phase ; and sometimes the whole of them shining ia the eame hemisphere, in one bright 
assemblage 1 The majestic motion of the rings — at one time illuminating the sky with 
their splendor, and eclipsing the stars ; at another, casting a deep shade over certain 
regions of the planet, and unveiling to view the wonders of the starry firmament, arc 
scenes worthy of the majesty of the Divine Being to unfold, and of rational creatures to 
contemplate. 

Such displays of Wisdom and Omnipotence, lead us to conclude th»t the numerous 
splendid okjects connected with this planet, were not created m^^rely U. shed their luster 
on naked rocks and barren sands ; but that an immense population of iLteliigent beings 
is plaJSd in those refpions, to eiyoy the bounty, and adore the goo4ness, cf their greai 
Creator. 



CHAPTER YIII. 
PRIMARY PLANETS.— URANUS AND NEPTUNU. 

511. Uranus is the next planet in order from the Sun, beyond 
or above Saturn. To the naked eye, it appears like a star of 
only the 6th or 7 th magnitude, and of a pale, bluish white ; but 
it can seldom be seen, except in a very fine, clear night, and in 
the absence of the Moon. Through a telescope, he exhibits a 
small, round, uniformly illuminated disc, without rings, belts, oi 
discernible spots. His apparent diameter is about 4", irom 
which he never varies much, owing to the smallness of our orbit 
ui comparison with his own. 
_ 

510 Is tbe system of Saturn well understood? Why not? Of what are we nii<tf 
What scenes must it present? To what conclusion must these phenomena liM vail 
:>11. PoniUcn and appearance cf Uranus? Through a telescope? 
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9ir John Herflchel says he is without discernible €pots, and yet in lits sables he lays 
down the time of ttie planet's rotation (which could only be ascertained by the rotation 
of spots upon the planet's disc), at 9>ii hours. ThU time is probably given on the 
Authority of Schroeter, and is marked as doubtful by Dr. Uerschei. 

612. The motion of Uranus in longitude is still slower thaii 
that of Saturn. It moves over but one degree of its orbit in 
85 days ; hence he will be seven years in passing over one sign 
or constellation. His periodic time being 84 years 27 days, his 
eastward motion can amount to only about 4** 17' in a whole 
year. To detect this motion requires instruments and close 
observations. At this date (1866), Uranus has made the entire 
circuit of the heavens since his discovery in 1781 ; having 
passed, in 1865, the point where he was first seen, and being 
now upon his second known journey around the heavens. 

It is remarkable that this body was observed as far back as 1990. It was seen thre« 
times by Fiamstead, once by Bradley, once by Mayer, and eleven times by Lemonnier, 
who registered it among the stars ; but not one of them suspected it to be a planet. 

513. The inequalities in the motions of Jupiter and Sattzrn, 
which could not be accounted for from the mutual attractions 
of these planets, led astronomers to suppose that there existed 
another planet beyond the orbit of Saturn, by whose action 
these irregularities were produced. This conjecture was con- 
firmed March 13th, 1781, when Dr. Herschel discovered the 
motions of this body, and thus proved it to be a planet. 

614. The mean distance of Uranus from the Sun is 
1,754,000,000 of miles ; more than twice the mean distance of 
Saturn. His sidereal revolution is performed in 84 years and 
1 month, and his motion in his orbit is 15J000 miles an hour. 
He is supposed to have a rotation on his axis, in common with 
the other planets ; but astronomers have not yet been able to 
obtain any ocular proof of such a motion. 

515. His diameter is estimated at 33,000 miles ; which would 
make his volume more than 70 times larger than the Earth's. 
To his inhabitants the Sun appears only the ^ J^ part as large as 
he does to us ; and of course they receive from him only that 
small proportion of light and heat. It may be shown, however, 
that the ^1^ part of the Sun's light exceeds the illuminating 
power of 800 full moons. This, added to the light they must 
receive from their six satellites, will render their days and nights 
far from cheerless. 

618. His motion in longitude ? Periodic time? Angular motion per year ? How ftf 
has he been traced sinco hit discovery ? When complete his revolution ? Was he ever 
seen previous to 1T81 f By whom ? Why are they not the dUcovererB^ then ? 618w Was 
his existence suspected previous to 1781 f What ground for the suspicion? How provvd 
to be a planet ? 514. Mean distance ? Sidereal revolution ? Hourly motion te orliilf 
Botationonaxis? 515. Diameter? Vohime? Light and heat ? Use of MklellltM? 
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516. Uranus is known \o be attended by four moons or satel- 
lites, which revolve about him in different periods, and at various 
distances. Two of them were discovered by Sir William Her- 
schel, and the others, in 1847, by Lassell and O. Struve. The 
four others, supposed to exist by Herschel, have not been seen 
by other observers. •^ 

Most of the satellites revolve from west to east around their 
primaries ; but the satellites of Uranus are an exception to this 
rule. Their orbits are inclined to the plane of the ecliptic 79°, 
being little less than a right angle ; and their motion in their 
orbits is retrograde, that is, from east to west. 

The distance from the planet, and the periodic limes of the satellitea of Uranas, 
respectirely, are as folio vs ; 

Dial, in miles. Periodic times. Dist. in miles. Periodic times. 

D. H. D. H. 
1 123,000 2 12 I 8 281,000 8 IT 



S 111,000 4 8 j 4 316,000 18 11 



NEPTUNE. 

61 7. This is the most distant of the primary planets, and in 
some respects one of the most interesting. It is about 37,000 miles 
in diameter, is situated at the mean distance of 2,746,000,000 
miles from the Sun, and revolves around him in 164^ years. So 
remote is this newly-discovered member of the solar system, that 
for a body to reach it, moving at railroad speed, or 30 miles an 
hour, would require more than ten thousand years ! 

518. The circumstances of the discovery of this planet are at 
once interesting and remarkable. Such is the regularity of the 
planetary motions, that astronomers are enabled to predict, with 
great accuracy, their future places in the heavens, and to con- 
struct tables, exhibiting their positions for ages to come. Soon 
after the discovery of Uranus, in 1781, his orbit was computed, 
and a table constructed for determining his future positions iu 
the heavens, but instead of following the prescribed path, or 
occupying his estimated positions, he was found to be yielding tc 
some mysterious and unaccountable influence, under which he 
was gradually leaving his computed orbit, and failing to meet 
conditions of the tables. 



516. Number of Moons? By whom discovered? Is it certain that Uranus hos all 
tiUeilites? Whydoubtfui? 517. Distance and diameter of Neptune? Period? Hon 
lortft to pass from the Sun to it at railroad speed? 618. What remarlcaM* «i.V(t««sQ^ 
9t<v:!Jes respecting it? discovery* Perturbati'ui ? 
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519. At first this discrepancy between the observed and ibe 
fc»iimated places of Uranus, was charged upon the tables, and a 
new orbit and new tables were computed, which it was thought 
could not fail to represent the future places of the planet. But 
these also seemed to be erroneous, as it was soon discovered that 
the computed and observed places did not agree, and the diflfcr- 
encG was becoming greater and greater every year. This was 
an anomaly in the movements of a planetary body. It was not 
strange that it should be subject to perturbations, from the attrac- 
tive influence of the large planets Jupiter and Saturn, as these 
were known to act upon him, as well as upon each other, and 
the smaller planets, producing perturbations in their orbits, but 
all this had been taken into the account in constructing the 
tables, and still the planet deviated from its prescribed path. 

620. To charge the discrepancy to the tables, was no longer 
reasonable, though it was thought perhaps sufficient allowance 
had not been made, in their computation, for the disturbing influ- 
ence of Jupiter and Saturn. To determine this question, M. Le- 
verrier, of Paris, undertook a thorough discussion of the sub- 
ject, and soon ascertained that the disturbing influence upon 
XJranus of all the known planets, was not sufficient to account 
for the anomalous perturbations already described, and that they 
were probably caused by some unknown planet, revolving beyond 
the orbit of Uranus. From the amount and effect of this dis- 
turbing influence from an unknown source, the distance, magni- 
tude, and position of the imaginary planet were computed. 

521. At this stage of the investigation, Leverrier wrote to 
nis friend, Dr. Galle, of Berlin, requesting him to direct his 
telescope to that part of the heavens in which his calculations 
had located the new planet, when lo I there he lay, a thousand 
miliums of miles beyond the orbit of Uranus, and yet within less 
than one degree of the place pointed out by Leverrier I This 
was on the 1st of September, 1846. 

522. While M. Leverrier was engaged in his calculations at 
Paris, Mr. Adams, a young mathematician of Cambridge, Eng* 
land, was discussing the same great problem, and had arrived at 
Bimilar results even before M. Leverrier, though entirely igno- 
rant of each other's labors or conclusions. This seems to estab- 



619. To what attributed at first? What done to correct ? What then? 680. What 
Btxt undertaken, and by whom ? What result and conclusion ? 621. What remark^« 
computation and letter? Result of Dr. Galle's search? 622. Who else inTestifatins 
Ihe subject at the same time? llis conclusions ? What {act does tUs Mteldteht Wl^ 
not Adcms the discoverer? 
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Iwh the fact, that the new planet was discovered by calculation, 
though the failure of Mr. Adams to publish his conclusions, cut 
off his right to the honor of the discovery. 

523. Since the discovery of this planet, it has been ascertained 
that it was seen as far back as 1795, though supposed to be a 
fixed star, and catalogued as such ; and that all the irregulari- 
ties of Uranus, with which astronomers were so much perplexed, 
ire perfectly accounted for by the influence of the new planet. 

524. Neptune is attended by but one satellite, so far as is 
known. It was discovered by Mr. Lassell, of Starfield, near 
Liverpool, October 12, 1846. It revolves around its primary 
in 5 days and 21 hours, at a distance of 220,000 miles from the 
planet's centre. Its orbit is inclined to the plane of the ecliptic 
29°, and its motion in its orbit is supposed to be retrograde^ like 
the direction of the satellites of Uranus. 



CHAPTER IX. 

COMETS— THEIR NATURE, MOTIONS, ORBITS, &o. 

525. Comets, whether viewed as ephemeral meteors, or as 
substantial bodies, forming a part of the solar system, are objects 
of no ordinary interest. When, with uninstructed gaze, we look 
upwards, to the clear sky of evening, and behold, among the 
multitudes of heavenly«bodies, one, blazing with its long train 
of light, and rushing onward towards the center of our system, 
we insensibly shrink back as if in the presence of a supernatural 
being. But when, with the eye of astronomy, we follow it 
through its perihelion, and trace it far off, beyond the utmost 
verge of the solar system, till it is lost in the infinity of space, 
not to return for centuries, we are deeply impressed with a sense 
of" that power which could create and set in motion such 
bodies. 

526. Comets are distinguished from the other heavenly bodies, 
by their appearance and motion. The appearance of the planets 

688. Has Neptune ever been seen prior to 1846? What supposed to be? Does it 
account for the perturbation of Uranus? b24. lias Neptune a satellite? When, and 
hy whom discovered? 'What said of ringtf 525. Subject of this chapter? How 
'.ometo regarled by the uninstructed? By the astronomer? 526. How disting>iisb»l 
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is globabr, aud their motioo around the San is uearly in thi 
same plaue, and from west to east ; but the comets liaso 
variety of forms, and tbeir orbits are not confined to any par- 
ticular part of the heavens ; nor do they observe any one geuer J 
direction. 

The orbits of the planets approach nearly to circles, while 
those of the comets are very elongated ellipaes. A wire hoop, 
for example, will represent the orbit of a planet. If two oppo- 
site sides of the same hoop be eiteaded, so that it shall be long 
and narrow it will then represent the orbit of a comet. The 
Sun ia always in one of the foci of the comet's orbit. 
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approaching the Sun. As the comets pass between us and the fixed stars, their enveU^pei 
and tails are so thin, that stars of very small magnitude may be seen through tliem. 
Borne comets, hiving no nucleus, are transparent tliroughout their whole extent. 

628. The nucleus of a comet soraetinies appears opaque, and 
it then resembles a planet. Astronomers, however, are not 
agreed upon this point. Some affirm that the nucleus is always 
transparent, and that comets are in fact nothinp^ but a mass of 
vapor, more or less condensed at the center. By others it is main- 
tained that the nucleus is sometimes solid and opaque. It 
seems probable, however, that there are three classes of comets, 
viz. ; 1st. Those which have no nucleus, being transparent ' 
throughout their whole extent ; 2d. Those which have a trans- 
parent nucleus ; and, 3d. Those having a nucleus which is solid 
and opaque. 

629. A comet, when at a distance from the Sun, viewed 
through a good telescope, has the appearance of a dense vapor 
surrounding the nucleus, and sometimes flowing far into the 
regions of space. As it approaches the Sun, its light becomes 
more brilliant, till it reaches its perihelion, when its light is more 
dazzling than that of any other celestial body, the Sun excepted. 
In this part of its orbit are seen to the best advantage the phe- 
nomena of this wonderful body, which has, from remote antiquity, 
been the specter of alarm and terror. 

630. The luminous train of a comet usually follows it, as it 
approaches the Sun, and goes before it, wlien the comet recedes 
from the Sun ; sometimes the tail is considerably curved towards 
the region to which the comet is tending, and in some instances, 
it has been observed to form a right angle with a line drawn 
from the Sun through the center of the comet. The tail of the 
comet of It 44, formed nearly a quarter of a circle ; that of 
1689 was curved like a Turkish sabre. (Map IX., Fig. 73.) 
Sometimes the same comet has several tails. That of 1744 had, 
at one time, no less than six, which appeared and disappeared in 
a few days. (See Map IX., Pig. 74.) The comet of 1823 
had, for several days, two tails ; one extending towards the Sun, 
and the other in the opposite direction. 

631. Comets, in passing among and near the planets, are ma- 
terially drawn aside from their courses, and in some cases have 
their orbits entirely changed. This is remarkably true in regard 

528. What difference of opinion respecting t* e nucleus of comets ? What probable 

solution? 529. How do they appear when viewed through a telescope at a ili^tancc 

from the Sun? As it approaches him ? Where seen to best ad vantapfe? Mf>. Usu.il 

lirectiou of the trains of comets? Other positions? Comet of 1744? Of ib8ft? 0/ 

isS? 6i31. Influence of Attraction upon comets? JUuKtratious? Comet oT 1770? 
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to Jopiter, which seoras bj some strange fatalitjr lo be ootid tan tl^ 
in theur waj, and to serve as a perpetoal stumbling-block to 
them. 

** The remarkable comet of 1770, vhkh vas foand hy LexeD to reToire in a moderalo 
tiUpse, in a period of about five years, actually i/ol entangled among the satellitea of 
Jupiter, and thrown out of its orbit by the attractions of that planet,** and has not been 
heard of since. — Hemehd^ p. 810. By this extraordinary rencontre, the motions of 
Japiter*s satellites suffered not the least perceptible derangement ; a soflUcient proof of 
th«; aeriform nature of the comet's mass. 

532. It is clear from observation, that comets contain very 
little matUr. For they produce little or no effect on the motion 
of the planets when passing near those bodies ; it is said that a 
comet, in 1454, eclipsed the Moon ; so that it mnst have been 
very near the Earth ; yet no sensible effiect was observed to be 
produced by this cause, upon tiie ' motion of the Earth or the 
Moon. 

The obserratloiis of philosophers upon comets, have as yet detected nothing of their 
nature. Tycho Brabe and Appiac supposed their tails to be produced by the rays of the 
Sun transmitted through the nucleus, which they supposed to be transparent, and to ope- 
rate as a lens. Kepler thought they were occasioned by the atmosphere of the comet, 
driven off by the impulse of the Sun's rays. This opinion, with some modification, was 
also maintained by Euler. Sir Isaac Newton conjectured that they were a thin vapor, 
rising from the heated nucleus, as smoke ascends from the Earth ; while Dr. Hamilton 
supposed them to be streams of electricity. 

^*That the luminous part of a comet," says Sir John Herschel, ^ Is something in the 
nature of a smoke, fog, or cloud, suspended in a transparent atmosphere, is evident from 
a feet which has been often noticed — viz., that the portion of the tail where It comes up 
to, and surrounds the head, is yet separated from it by an interval less luminous ; as we 
often see one layer of clouds laid over another with a considerable clear space between 
them." And again : " It follows that these can only be regarded as great masses of thin 
vapor, susceptible of being penetrated through their whole substance by the sunbeams." 

533. Comets have always been considered by the ignorant and 
superstitious, as the harbingers of war, pestilence, and famine. 
Nor has this opinion been, even to this day, confined to the 
unlearned. It was once universal. And when we examine the 
dimensions and appearances of some of these bodies, we cea^^s 
to wonder that they produced universal alarm. 

According to the testimony of the early writers, a comet which could be seen in day- 
light with the naked eye, made its appearance 43 years before the birth of our Saviour. 
This date was Just after the death of Csesar, and hj, the Romans, the comet was believed 
to be his metamorphosed suul, armed with fire and vengeance. This comet is again men- 
tioned as appearing in 1106, and then resembling the Sun in bri^tness, being of a great 
stie, and having an immense tail. In the year 1402, a comet was seen^ so brilliant as to 
be discerned at nuon-duy. 

'534. In 1456, a large comet made its appearance. It spread 



688. What said of their {.liysical natures? Opinion of Tycho Brahe? Of Kc|»lerand 
Ruler? Of Newtun anJ Dr. Hamilton ? Of Sir John Herschel? 588. How have comets 
usually been regiirded by Ihe ignorant? What remarkable comet mentioo'Ml? AM. 
What comet in 145G ? Kff«ict or its appearance ? Has it appeared since f lis period? 
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a wider terror than was ever known before. The belief was very 
general, among all classes, that the comet would destroy the 
Earth, and that the Day of Judgment was at hand I 

The same comet appeared again in the years 1531, 1 607, 1682, 
1758 and 1835. It passed its perihelion in November, 1835, 
and will re-appear every 75^ years thereafter. 

At the time of the appearance of this comet, the Turks extended their vletorioiis armg 
across the Hellespont, and seemed destined to overmn all Europe. This added not a 
little to the general gloom. Under all these impressions, the people seemed totally re- 
gardless of the present, and anxious only for the future. The Romish Church held at 
this time unbounded sway oyer the lives, and fortunes, and consciences of men. To 
prepare the world for its expected doom. Pope Calixtus III. ordered the Ave Maria to 
be repeated three times a day, instead of two. He ordered the church bells to be rung 
at noon, which was the origin of that practice, so nniversal in Christian Churches. 

The comet, after some months, began to show signs of retreat, and soon disappeared 
from those eyes in which it fomid no favor. Joy and tranquillity soon returned. 

535. The comet of 1680 would have been still more alarming 
than that of 1456, had not science robbed it of its terrors, and 
history pointed to the signal failure of its predecessor. This 
comet was of the largest size, and had a tail whose enormous 
length was more than nineiv-six millions of miles. (Map IX., 
Fig. 75.) 

At its greatest distance, it is 18,000,000,000 of miles from 
the Sun ; and at its nearest approach, only 574,000 miles from 
his center ;* or about 130,000 miles from his surface. In that 



* In Brewster^ edition of Ferguson, this distance is stated as only 49,000 miles. This 
is evidently a mistake ; for if the comet approached the Sun's center within 49,000 miles, 
it would penetrate &M),000 miles below the surface ! Taking Ferguson's own elements for 
computing the perihelion distance, the result will be 494,460 miles. The mistake may be 
accounted for, by supposing that the cys^er had been omitted in the copy, and the period 
pointed off one figure farther to the left. Tet, with this alteration, it would be still incQr« 
rect ; because the Earth's mean distance from the Sun, which is the integer of this calcu- 
lation, is assumed at 82,000,000 of miles. The ratio of the comet's perihelion distance 
from the Sun, to the Earth's mean distance, as given by M. Pingr^, is as 0.00608 to 1. 
This multiplied into 95,278,869, gives 574,500 miles for the comet's perihelion distance 
from the Ckan's center; from which, if we substract his semi-diameter, 448,840 miles, we 
shall have 180,660 miles, the distance of the comet from the surface of the Sun. 

Again, if we divide the Earth's mean distance from the Sun, by the comet's perihelion 
distance, we shall find that the latter is only l-166th part of the Earth's distance. Now 
the square of 166 is 27,556; and this expresses the number of times that the Sun appears 
larger to the comet, in the above situation, than it does to the Earth. Squire makes it 
84,^ times larger. 

According to Newton, the velocity is 880,000 miles per hour. More recent discoveriei 
indicate a velocity of 1,240,108 miles per hour. 



Incidenta respecting the Turks and Church of Borne f 085. Comet of 1680 ? Length o 
itB tail? Aphelion and perihelion distances? Rapidity of its motion when nearest the Son « 
Uliat error corrected ? Appearance of the Sun from that point? Heat of the cornel 
lodicates what? Fanciful theory of Dr. Whiston, and remarks upon it? 
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part of its orbit which is nearest the San, it flies with the amaA' 
hig swiftness of 1,000,000 miles in an hour, and the Sun, as seet 
from it, appears 27,000 times larger than it appears to us ; con* 
sequentlj, it is then exposed to a heat 27,000 times greater than 
the solar heat at the Earth. This intensity of heat exceeds, 
several thousand times, that of red-hot iron, and indeed all the 
degrees of heat that we are able to produce. A simple mass ol 
vapor, exposed to a thousandth part of such a heat, would be 
at once dissipated in space — a pretty strong indication that, 
however volatile are the elements of which comets are composed, 
they aro, nevertheless, capable of enduring an inconceivable 
intensi*/ of both heat and cold. 

This * the comet which, according to the reveries of Dr. Whistoo and others, delu};ed 
the wrid in the time of Noah. Whhiton was the friend and successor of Newton; but, 
anxious to know more than is revealed, he passed the bounds of sober philosophy, and 
presumed not only to &x the residence of the damned, but also the nature of their punish- 
ment. According to this theory, a comet was the awful prison>house in which, as it 
wheeled from the remotest regions of darkness and cold into the very vicinity of tlie 
bun, hurrying its wretched tenants to the extremes of perishing cold and devouring fire, 
the Almighty was to dispense the severities of his justice. Such theories' may be ingenious, 
but they have no basis of facts to rest upon. They more properly belong to the chime rais 
of Astrology, than to the science of Astronomy. 

536. When we are told by philosophers of great caution and 
high reputation, that the fiery train of the comet, just alluded 
to, extended from the horizon to the zenith ; and that that of 
1744 had, at one time, six tails, each 6,000,000 of miles long, 
long, and that another, which appeared soon after, had one 
40,000,000 of miles long, and when we consider also the incon- 
ceivable velocity with which they speed their flight through the 
solar system, we may cease to wonder if, in the darker ages, 
they have been regarded as evil omens. 

But these idle fantasies are not peculiar to any age or country. Even in our own 
times, the beautiful comet of 1811, the most, splendid one of modern times, was generally 
considered among the superstitious, as the dread harbinger of the war which was 
declared in the following spring. It is well known that an indefinite apprehension of a 
more dreadful catastrophe lately pervaded both continents, in anticipation of Biela*8 
comet of 1S82. 

537. The nucleus of the comeN of 1811, according to observa- 
tions made near Boston, was 2617 miles in diamete •, correspond- 
ing nearly to the size of the Moon. The brilliancy with which 
it shone, was equal to one-tenth of that of the Moon. The 
envelope, or aeriform covering surrounding the nucleus, was 
24,000 miles thick, about five hundred times as thick as the 
atmosphere which encircles the Earth ; making the diameter of 
comet, including its envelope, 50,617 miles. It had a ver) 



(iSG. Why not strange that these comets were regarded as evil omens ? Are tnch i 
stiUons peculiar to any age or country? What Ulustrations f 687. Siie of the cvsntH 
of 181 1 ? ItM motion at its perihelion ? 
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iutninoas tail, whose greatest length was oTve hundred mUllovs of 
mihi. Map IX., Fig. t6. This comet moved, in its perihelion, 
with an almost inconceivable velocity — fifteen hundred times 
lipreater than that of a ball bursting from the mouth of a cannon. 
638. According to Regiomontanus, the comet of 1472 moved 
over an arc of 120° in one day. Brydone observed a comet at 
Palermo in 1770, which passed through 50° of a great circle in 
the heavens in 24 hours. Another comet, which appeared in 
1759, passed over 41° in the same time. The conjecture of Dr. 
Halley, therefore, seems highly probable, that if a body of such a 
size, having any considerable density, and moving with such a 
velocity, were to strike our Earth, it would instantly reduce it 
to chaos, mingling i|;s elements in ruin. 

The transient effect of a body passing near the Earth, could scarcely amount to any 
great convulsion, says Dr. Brewster ; but if the Earth were actually to receive a shock 
from one of these bodies, " having any considerable density," the consequences would 
mdeed be awful. A new direction would be given to its rotary motion, and it would 
revolve around a new axis. The seas, forsaking their beds, would be hurried, by their 
centrifugal force, to the new equatorial regions ; islands and continents, the abodes of 
men and animals, would be covered by the universal rush of the waters t9 the new 
equator, and every vestige of human industry and genius would be at once destroyed. 
But so far as we are as yet acquainted with these singular bodies, they are altogether too 
tight and gasseous to produce any such results by collision. 

539. The chances against such an event, however, are so very 
numerous, that there is no reason to dread its occurrence. The 
French government, not long since, called the attention of some 
of her ablest mathematicians and astronomers to the solution of 
this problem ; that is, to determine upon mathematical pritidples, 
how many chances of collision the Earth was exposed to. After a 
mature examination, they reported — " We have found that, of 
281,000,000 of chances, there is only one unfavorable — there ex- 
ists but ont which can produce a collision between the two bodies." 

" Admitting, then," say they, " for a moment, that the comets which may strike the 
F<arth with their nucleuses, would annihilate the whole human race ; the danger of death 
to each individual, resulting from the appearance of an tmknovsn. cornet^ would be 
exactly equal to the risk he would run, if in an urn there was only one sinffle white ball 
among a total number of 281,000,000 balls, and that his condemnation to death wuuld b« 
the inevitable consequence of the white ball being produced at the first drawing." 

A little reflection, however, will show that all such fears are groundless. The same 
unerring hand that guides the ponderous planet in its way, directs also the majestkt 
comet ; and where infinite wisdom and almighty power direct, it is almost profane to taUi 
of c<^liBion or accident. 

540. We have before stated that comets, unlike the planets, 
observe no one direction in their orbits, but approach to, and 
recede from their great center of attraction, in every possible 

688. Velocity of the comet of 1472? Of 1770? Of 1769? Dr. Halley 's conjecture f 
Dr. Brewster's ? Gould a comet i>roduce any such effects? 639. Is such a cnlliaioD 
probable? Why not? 640. What said of the orbits of comets and their /arirav 
dtrtcUoua? 
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direction. Nothing can be more sublime, or better calculated to 
fill the mind with profound astonishment, than to contemplate the 
revolution of comets, while in that part of their orbits which 
comes within the sphere of the telescope. Some seem to como 
up from the immeasurable depths below the ecliptic, and, having 
doubled the heavens' mighty cape, again plunge downward with 
their fiery trains, 

** On the long travel of a thousand years." 

Others appear to come down from the zenith of the universe 
to double their perihelion about the Sun, and then reascend far 
above all human vision. Others are dashing through the solar 
system in all possible directions, and apparently without any 
undisturbed or undisturbing path prescribed by Him who guides 
and sustains them all. 

641. Until within a few years, it was universally believed that 
the periods of their revolutions must necessarily be of prodigious 
length ; but within a few years, two comets have been discov- 
ered, whose revolutions are performed, comparatively, within 
our own neighborhood. To distinguish them from the more 
remote, they are denominated the Cormts of a short period. The 
first was discovered in the constellation Aquarius, by two French 
astronomers, in the year 1786. The same comet was again 
observed by Miss Caroline Herschel, in the constellation Cygnus, 
in 1195, and again in 1805. In 1818, Professor Encke deter- 
mined the dimensions of its orbit, and the period of its sidereal 
revolution ; for which reason it has been called " EnMs Comet, ' 
Map IX., Fig. It. 

This comet performs its revolution around the Sun in about 8 years and 4 months, in 
an elliptical orbit which lies wholly within the orbit of Jupiter. Its me<m distance from 
the Sun is 213,000,000 of miles ; the eccentricity of its orbit is 179,000,000 of miles ; con- 
sequently, is 858,000,000 of miles nearer the Sun in its perihelion, than it is in its aphe> 
lion. It was visible throughout the United States in 1825, when it presented a flno 
appearance. It was also observed at its next return in 1828 ; but its return to its perihe- 
hon on the 6th of May, 1882, was invisible in the United States, on account of its great 
•outhern declination. It has returned at regular periods since that time. 

542. The second " comet of a short period," was observed in 
1172 ; and was seen again in 1805. It was not until its reap- 
pearance in 1826, that astronomers were able to determine the 
elements of its orbit, and the exact period of its revolution. 
This was successfully accomplished by M. Biela of Josephstadt ; 
hence it is called BiMs Comet, 

541. What opinion respecting their periods? What distinction in comets fonnded on 
the lengths of their periods? History of ^^ Fneke't OometV* Its period, orbit, mean 
ils'AUce, eccentricity of its orbit? 542. Uistory of " ^6^'« Cofuet/** IXm dl«m«feerT 
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According to obserratlons made upon it in 1805, by the celebrated Dr. Gibers, Itt 
liameter, including ita envelope, is 42,280 miles. It is a curious fact, that the path of 
Biela's Comet passes very near to that of the Earth ; so near, that at the moment the 
center of tlie comet is at the point nearest to the Earth's path, the matter of the comat 
extends beyond that path, and includes a portion within it. Thus, if the Earth were at 
that point of its orbit which is nearest to the path of the comet, at the same moment 
that the comet should be at that point of its orbit which is nearest to the path of th9 
Earth, the Earth would be enveloped in the nebulous atmosphere of the comet. 

With respect to the effect which might be produced upon our atmosphere by such a 
circnnMtance, It Is impossible to offer anything but the most vague conjecture. Sir John 
Herscbd was able to distinguish btars as minute as the 16th or 17th magnitude through 
Vie body of ifU comet I Hence it seems reasonable to infer, that the nebulous matter of 
which it is composed, must be infinitely more attenuated than our atmosphere ; so that 
for every particle of conetary matter which we should inhale, we should inspire millions 
of particles of atmospheric air. 

643 This is one of the comets that was to come into collision 
with the Earth, and to blot it out from the Solar Svstem. In 
returnini^ to its perihelion, November 26th, 1832, it was comput- 
ed that it would cross the Earth's orbit at a distance of only 
18,600 miles. It is evident that if the Earth had been in that 
part of her orbit at the samt time with the comet, our atmos- 
phere would have mingled with the atmosphere of the comet, 
and the two bodies, perhaps, have come in contact. But the 
comet passed the Earth's orbit on the 29th of October, in the 
8th degree of Sagittarius, and the Earth did not arrive at that 
point un^il the 30th of November, which was 32 days after- 
wards. 

If we multiply the number of hours in 82 days, by 68,000 (the velocity of the Earth pei 
hour), we shall And that the Earth was more than 52,000,000 miles behind the comet when 
it crossed her orbit. Its nearest approach to the Earth at any time, was about 51,000,000 
of miles ; its nearest approach to the Sun, was about 88,000,000 of miles. Its mean dis- 
tance from the Sun, or half the longest axis of its orbit, is 887,000,000 of miles. Its 
eccentricity is 258,000,000 of miles ; consequently, it is 507,000,000 of miles nearer the 
Sun in its perihelion than it is in its aphelion. The period of its sidereal revolution is 
2460 days, or about 6Si days. 

544. Although the comets of Encke and Biela are objects of 
very great interest, yet their short periods, the limited space 
within which their motion is circumscribed, and consequently the 
very slight disturbance which they sustain from the attraction 
of the planets, render them of less interest to physical astrono- 
my than those of longer periods. They do not, like them, rush 
from the invisible and inaccessible depths of space, and, after 
sweeping our system, depart to distances with the conception of 
which the imagination itself is confounded. They possess none 
of that grandeur which is connected with whatever appears to 
break through the fixed order of the universe. 

What curious fact ttatedf What result if the Earth were to be enveloped in the comet? 
MS. What mischief formerly anticipated firom Biela's comet? Its return in 1S82 V Hovs 
near a collision in distance and in timet Its nearest approach to the Earth ? To the 
3unf Its mean distance from him? Its eccentrici^ and period? M4. Why are thv 
roin'^ts of short periods less interesting than others ? For what comet is it reserved l# 
ji^.r'i giounds for the proudest triumphs of maUtematical science? 
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It is reserved for the con.et of Halley alone to afford the proudest triumphs to thox^ 

Sowers of calculation by which we are caabled to foIlo~v it in the depths of space, 
,000,000,000 of miles beyond the extreme verge of the solar system; and, notwithstand- 
ing the disturbances which render each succeeding period of its return different from 
the last, to foretell that return with precision. To he able to predict the Tery day and 
circumstances of the return of such a bodiless and eccentric wanderer, after the lapse 
of so many years, evinces a perfection of the astronomical caloulue that may justly 
fhalleoge our admiration. 

545. "The re-appearance of Biela's comet," says Herschel, 
" whose return in 1832 was made the subject of elaborate cal- 
culations by mathematicians of the first eminence, did not disap- 
point the expectations of astronomers. It is hardly possible to 
imagine anything more striking than the appearance, after the 
lapse of nearly seven years, of such an all but imperceptible 
cloud or wisp of vapor, triuej however, to its predicted sifne and 
place, and obeying laws like those which regulate the planets." 

Herschel, whose Observatory was at Sloughy England, observed the daUy pr<^eu of 
this comet from the 24th of Septemb^*, until its disappearance, compared iCs actual posi- 
tion from day to day, with its calculated position, and found them to agree within four 
or five minutes of time in right ascension, and within a few seconds of declination. 
Its position, then, as represented on a planisphere which the author prepared for his 
pupils, and afterwards published, was true to within a less space than one-third of its 
projected diameter. Like some others that have been observed, this comet has no lumi- 
nous train by which it can be easily recognised by the naked eye, except when it is very 
near the Sun. This is the reason why it was not more generally observed at Its Utr 
return. 

Although this comet is usually denominated **BieIa*8 comet,** yet it seemi that 
M. Gambart, director of the Observatory at Marseilles, is equally entitled to the honor of 
identifying it with the comet of 1772, and of 1805. He discovered it only 10 days aftei 
Biela, and immediately set about calculating its elements from liis own observations, wliicb 
are thought to equal, if they do not surpass, in point of accuracy, those of every otbei 
Astronomer. 

546. Up to the beginning of the Itth century, no correct 
notions had been entertained in respect ta the paths of comets. 
Kepler's first conjecture was that they moved in straight lines ; 
but as that did not agree with observation, he next concluded 
that they were parabolic curves, having the Sun near the vertex, 
and running indefinitely into the regions of space at both extre- 
mities. There was nothing in the observations of the earlier 
astronomers to fix their identity, or to lead him to suspect that 
any one of them had ever been seen before ; much less that they 
formed a part of the solar system, revolving about the Sun in 
elliptical orbits that returned into themselves. 

547. This grand discovery was reserved for one of the most 
industrious and sagacious astronomers that ever lived — this was 
Dr. Halley, the cotemporary and friend of Newton. When the 
comet of 1682 made its appearance, he set himself about observ- 
ing it with great care, and found there was a wonderful rescm- 



MB. Remarks on the re-appearance of Biela's comet? What remarkabl* ealculatioi 
referred lo? Form of this comet? Is it really Biela*s comet? 646. Former knoV' 
«iKlc<* ef the orbits of eomets? 647. What « ^^a discovery, and by whom* ProxA 
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blance between it and three other comets that he found recorded, 
the comets of U56, of 1531, aod 1607. The times of their 
appearance had beeu nearly at equal and reffular ini^rvnls ; their 
perihelion distances were nearly the same ; and he finally proved 
them to be one and the same comet, performing its circuit around 
the Sun in a period varying a little from 16 years. It is, there- 
fore, called Halley's comet. Map IX., Fig. IS.) 

The orbit of Haliey's comet extends outwird about 1 20,OOO,00C 
of miles beyond the orbit of Neptune, as represented in tJie fol 
lowing cnt ; 
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548. The orbit of Encke's *'™™ ^ sbveral owow. 

comet is wholly within the orbit ^^ & .^ 

of Jupiter, while that of Biela's -ji ^ ■•••.. 

extends but a short distance / \^ 

beyond it. The aphelion dis- / ..•--^^^ty 

tance of Halley's comet is ^Z.-^T:y??*»Try»5/*' *~^ ^. 
3,400,000,000 of miles, or 
650,000,000 of miles beyond 
the orbit of Neptune. And 
even this is, in reality, a comet 
of short period compared with 
many that belong to our sys- 
tem. 

549. The comet of 1819 was re- 
markable for its straight wedge- 
sha]>ed appearance — ^not altogether unlike a shuttleHHXsk. It 
exhibited none of that curvature in its form which is an almost 
universal characteristic of cometary bodies. Map IX., Fig. 79. 

550. The comet of 1843 was one of the most magnificent of 
modern times (See Map IX., Fig. 80). It was more than 60** 
in length. In the Southern Hemisphere it was so brilliant as 
to throw a very strong light upon the Earth. As its distance 
from the Sun varied, its color varied, from pale orange to ** rose 
red," and then to white. " It passed its perihelion on the 27th 
of February, at which time it almost grazed the surface of the 
Sun, approaching nearer to that luminary than any comet 
hitherto observed. Its motions at this time were astonishingly 
swift, and its brilliancy such as to induce the belief that it was at 
a white heat through its whole extent. Its period is supposed 
to be 21|^ years ; consequently this must be its eighth return 
since 1668 ; and it will visit our sphere again in 1865." 

At the time of the appearance of this comet, Rer. Mr. Miller and others were earnestly 
warning the people of the United States, that the world was to be burned up on the SM 
of April following ; and the appearance cf the comet was regarded by many as an indldf 
tion that the end of all things was at hand. 

551. The number of comets which have been observed since 
the Christian era, amounts to 650. Scarcely a year has passed 
without the observation of one or two. And since moltitades 
af them must escape observation, by reason of their traversing 
that part of the heavens which is above the horizon in the daj 

548. Where are the orbite of Encke^s and Biela*s comets situated f What aaM of Bii* 
ley's comet r 549. Comet of 1819? 550. That of 1848? Its length? firiUlaMgrf 
W*aat variation in its color ? Its perihelion passage ? Heat ? Its perio!d f Neztafpaar» 
1 7 Incident of its last appearance ? 551. Number of cometi * Wlij vh tev «ec«l 
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time, their whole number is probably many thousands. Comets 
BO circumstanced, can only become visible by the rare coinci- 
dence of a total eclipse of the Sun — a coincidence which hap- 
pened, as related by Seneca, 60 years before Christ, wLen a 
lar^e comet was actually observed very near the Sun. 

But M. Arago reasons in the following manner, with respect to the number of comets :— 
The number of ascertained comets, which, at their least distances, pass within the orbit 
of Mercury, is thirty. Assuming that the comets are uniformly distributed throughou* 
the solar system, there will be 117,649 times as many comets included within the orbit of 
Uranus, as there are within the orbit of Mercury. But as there are 80 within the orbit 
of Mercury, tliere must be 8,529,470 within the orbit of Dranus 1 

652. Of 97 comets whose elements have been calculated by 
astronomers, 24 passed between the Sun and the orbit of Mer- 
cury: 33 between the orbits of Mercury and Yenus ; 21 between 
^he orbits of Yenus and the Earth ; 15 between the orbits of 
Ceres and Jupiter. 49 of these comets move from east to west, 
and 49 in the opposite direction. The total number of distinct 
comets, whose paths during the visible part of their course had 
been ascertained, up to the year 1855, was about one hundred 
and fifty. 

553. What regions these bodies visit, when they pass beyond 
the limits of our view ; upon what errands they come, when 
they again revisit the central parts of our system ; what is the 
difference between their physical constitution and that of the 
Sun and planets ; and what important ends they are destined 
to accomplish in the economy of the Universe, are inquiries 
which naturally arise in the mind, but which surpass the limited 
powers of the human understanding at present to determine. 

554. Such is the celestial system with which our Earth was 
associated at its creation, distinct from the rest of the starry 
hosts. Whatever may be the comparative antiquity of our 
globe, and the myriads of radiant bodies which nightly gem the 
immense vault above us, it is most reasonable to conclude, that 
the Sun, Earth, and planets differ little in the date of their 
origin. This, fact, at least, seems to be philosophically certain, 
that all the bodies which compose our solar system must have 
been placed at one and the same time in that arrangement, and 
in those positions in which we now behold them ; because all 
maintain their present stations, and motions, and distances, by 
iheir mutual action on each other. Neither could it be where it 



Pbenomenon 60 years before Christ? M. Arago's reasoning and conclusion? 608. 
Perihelion dletances of various comets ? Directions in longitude ? Number whose paths 
have lieen ascertained? 558. What inquiries awakened by the visits of com^tai7 
bodiet? S(i4. Remarks respecting the date of the solar system? What supposed y/ooi 
that the whole system was created at once ? 



262 ASTRONOMY. 

is, nor move as it does, nor appear as we see it, unless thej 
were all co-existent. The presence of each is essential to the 
system — the Sun to them, they to the Sun, and all to each 
other. This fact is a strong indication that their formation was 
simultaneous. 



CHAPTER X. 

OF THE FORCES BY WHICH THE PLANETS ARE 
RETAINED IN THEIR ORBITS. 

555. IIaving described the real and apparent motions of tha 
bodies which compose the solar system, it may be interesting^ 
next to show, that these motions, however varied or complex 
they may seem, all result from one simple principle, or law, 
namely, the 

LAW OF UNIVERSAL GRAVITATION. 

By gravitation is meant, that universal law of attraction, by 
which every particle of matter in the system has a tendency to 
every other particle. This attraction, or tendency of bodies 
towards each other, is in proportion to the quantity of matter 
they contain. The Earth, being immensely large in comparisoo 
with all other substances in its vicinity, destroys the effect of 
this attraction between smaller bodies, by bringing them all to 
itself. 

It it said, that Sir Isaac Newton, when he was drawing to a close the demonstration of 
the great truth, that gravity is the cause which Iceeps the heavenly bodies in ttieir orbits, 
was so much agitated with the magnitude and importance of the di^coverj he was about 
to malce, that he was unable to proceed, and desired a friend to finish what the intensitf 
•f his feelings did not allow him to do. 

556. The attraction of gravitation is reciprocal. All bodies 
not only attract other bodies, but are themselves attracted, and 
both according to their respective quantities of matter. The 
Sun, the largest body in our system, attracts the Earth and all 
the other planets, while they in turn attract the Sun. The 

665. Subject of this chapter? What is meant by gravitation t Upon what does tht 
amount of this attraction depend? Influence of the Earth? AnckMlote of Newtaof 
666. Is attraction reciprocal? What iUustration cited? Ways in which attwiisa 
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Earth, also, attracts the Moon, and she in tarn attracts the 
Earth. A ball, thrown upwards from the Earth, is brought 
again to its surface ; the Earth's attraction not only counter- 
balancing that of the ball, but also producing a motion of the 
ball towards itself. 

This disposition, or tendency towards the Earth, Is manifested In whatever falli, whether 
tt be a pebble from the hand, an apple from a tree, or an avalanche from a mountain. 
Ail terrestial bodies, not excepting tlie waters of the ocean, gravitate towards iht center 
of the Earth, and It is by the same power that animals on all parts of the globe stand 
with tiieir feet pointing tu its center. 

55*1. The power of terrestial gravitation is greatest at the 
Earth's surface, whence it decreases both upwards and down- 
wards ; but not both ways in the same proportion. It decreases 
upwards as the square of the distance from the Earth's center 
increases ; so that at a distance from the center equal to twice 
ihe semi-diameter of the Earth, the gravitating force would be 
only one-fourth of what it is at the surface. But below the sur- 
face, it decreases in the direct ratio of the distance from the 
center ; so that at a distance of half a semi-diameter from the 
center, the gravitating force is but half of what it is at the 
surface. 

Weight and Gravity^ in this case, are synonymous terms. We say a piece of lead 
weighs a pound, or 16 ounces; but if by any means it could be raised 4000 milea abovo 
the surfiwce of the Earth, which is about the distance of the surface from the center, and 
consequently equal to two semi-diameters of the Earth above its center, it would weigh 
>nly one-fourth of a pound, or four ounces ; and if the same weight could be raioed to an 
elevation of 12,000 miles above the surface, or four semi-diameters above the center of 
the Earth, it would there weigh only one-stxteenth of a pound, or one ounce. 

558. The same body, at the center of the Earth, being equally 
attracted in every direction, would be without weight ; at 1000 
miles from the center it would weigh one-fourth of a pound : at 
2000 miles, one-half of a pound ; at 300€ miles, three-fourths of 
a pound ; and at 4000 miles, or at the surface, one pound. 

It is a universal law of attraction, that its power decreases as 
the square of the distance increases. The converse of this is also 
true, viz.: The power increases as the square of the distant 
decreases. Giving to this law the form of a practical rule, it will 
Btand thus : 

7'he gravity of bodies above the surface of the Earth decreases 
vn a duplicate ratio (or as the squares of their distances)^ in semi' 
diameters of the Earthy from the Earth's center. That is, when 



manifests iteelf? 557. Where is the power of terrestrial gravitation greatest? How 
liminbh«^(l ? In what ratio as we ascend abov§ the Earth ? As we descend toward iw 
jentert Are weight and gravity the same ? 668. What would be the weight of a body 
It the Earth's center? At 100 miles from the center ? At 2000 miles ? At 40(M> ? WhaJ 
miv^rml \w? What role baa^ upon this law? What lUttstratioM fiv«u? What rult 
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the gravity is increasing^ multiply the weight by the square of 
the distance ; but when the gravity is decreasing, divide the 
weight by the square of the distance. ' 

Suppose a body weighs 40 pounds at 2000 miles abore the Earth*s surface, what wonld 
it weigh at the surface, estimating the Earth's semi-diameter at 4000 miles. From ibo 
center to the given height, is 1}^ semi-diameters; the square of l^,or 1.5 is 2^, which, 
multiplied into the weight (40), gives 9«) pounds, the answer. 

Suppose a body which weighs 256 pounds upon the surface of the Earth, be raised to 
the distance of the Moon (240,000 miles), what would be its weght? Thus, 4000)240,000(W 
semi-diameters, the square of which is 8000. As the grnvity in this case is decreasing, 
divide the weight by the square of the distance, and it will give 8600)2&6(l-16th of a 
pound, or 1 ounce. 

To find to what height a given weight must be raised to lose a certain portion of itt 
weight. 

KuLB. — Dicids the tneighi at ihs surface hy the required weigM, and eaeiract the 
square root of the quoUevU. Ex. A boy weighs 100 pounds, how high must he be carried 
to weigh but 4 pounds ? Thus, 100 divided by 4, gives 25, the square root of which is A 
semi-diameters, or 20,000 miles above the center. 

559. Bodies of equal magnitude do not always contain equal 
quantities of matter ; a ball of cork, of equal bulk with one of 
lead, contains less matter, because it is more porous. The Sun, 
though fourteen hunditd thousand times larger than the Earth, 
being much less dense, contains a quantity of matter only 
355,000 as great, and hence can exert an attractive force only 
355,000 times greater than that which the Eailh is capable of 
exerting. 

rhe quantity of matter in the Sun is 780 times greater than th^ of all the planets and 
satellites belonging to the Solar System ; consequently, their whol^ united force of attrac- 
tion is 780 times less upon the Sun, than that of the Sun upon them. 

CUITER 07 ORAVITT. 




560. The Center of Gravity of a body, is that point in which 
its whole weight is concentrated, and upon which it would rest, 
if freely suspended. If two weights, one of ten pounds, the 
other of one pound, be connected together by a rod eleven feet 
long, nicely poised on a center, and then be thrown into a free 
rotary motion, the heaviest will move in a circle with a radius of 
oue foot, and the lightest will describe a circle with a radius of 
ten feet ; the center around wliich they move is their common 
center of gravity. (See the Figure.) 

to find what height a given weight must be raised to lose a certain portion of tti 
weight? 55tf. Do bodies attract in proportion to their bulk? Why not? What iUiia- 
tratioDs? '«uantity of matter in the Sun? 660. W^hAt is meant bj the center of 
3ravl^y? Illiutratiou ? How with the Bun nnd planets? How would it be if tbore w.ii 
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Thas the Sun and planets move around in an imaginary point 
as a center, always preserving an eqoilibriam. 

If there were but one body in the universe, provided it were of uniform density, th4 
■'senter of it would be the center of gravity towards which all the surrounding portions 
would uniformly tend, and they would thereby balance each other. Thus the center of 
gravity, and the body itself, would for ever remain at rest It would neither move up nor 
down ; there being no other body to draw it in any direction. In this case, the terms tip 
and dowit would have no meaniog, except as applied to the body itself, to express th« 
direction of the surfSace from the center. 

561. Were the Earth the only body revolving about the Sun, 
as the Sun's quantity of matter is 315,000 times as great as 
that of the Earth, the Sun would revolve in a circle equal only 
to the three hundred and fifteen thousandth part of the Earth's 
distance from it ; but as the planets in their several orbits vary 
their positions, the center of gravity is not always at the same 
distance from the Sun. 

The quantity of matter in the Sun so far exceeds that of all 
the planets together, that were they all on one side of him, ho 
would never be more than his own diameter from the common 
center of gravity ; the Sun is, therefore, justly considered as the 
center of the system. 

562. The quantity of matter in the Earth being about 80 
times as great as that of the Moon, their common center of 
gravity is 80 times nearer the former than the latter, which is 
about 3000 miles from the Earth's center. The secondary planets 
are governed by the same laws as their primaries, and both 
together move around a common center of gravity. Evory sys- 
tem in the universe is supposed to revolve in like manner, around 
tne comnum center, 

ATntACTIVE AND PROJECTILE FORCES. 

563. All simple motion is naturally rectilinear ; that is, all 
bodies put in motion would continue to go forward in straight 
lines, as long as they met with no resistance or diverting force. 
On the other hand, the Sun, from his immense size, would, by 
the power of attraction, draw all the planets to nim, if his 
attractive force were not counterbalanced by the primitive iiu- 
l»ulse of the planetary bodies to move in straight lines. 

564. The attractive power of a body drawing another body 

but one body in the universe? 661. Suppose the Earth was the only body reyolying 
around the Sun ? Is the center of gravity always at the same distance from the Sun f 
Why not ? How would it be if all the planets were on one side of him? 662. What ia 
the amount of matter in the Earth as compared with the Moon? How with the pecond* 
%rjr planets? With other systems in the universe? 668. What is the character of all 
^« tuple motion ? What illustrations given ? 664 What is the attractive power eaUAd.t 
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towards the center, is denominated Centripetal force ; and the ten 
dency of a revolving body to fly from the center in a vangeut 
line, is called the Projectile or Centrifugal force. The joint 
action of these two central forces gives the planets a circular 
motion, and retains them in their orbits as they revolve, the pri- 
maries abont the Sun, and the secondaries about their primaries. 
666. The degru of the Sun's attractive power at each par- 
ticular planet, whatever be its distance, is uniformly equal to 
the centrifugal force of the planet. The nearer any plane c is to 
. the Sun, the more strongly is it attracted by him ; the farther 
any planet is from the Sun, the less is it attracted by him ; 
therefore, those planets which are the nearer to the Sun, must 
move the faster in their orbits, in order thereby to acquire cen- 
trifugal forces equal to the power of the Sun's attraction ; and 
those which are the farther from the Sun, must move the slower, 
in order that they may not have too great a degree of centri- 
fugal force, for the weaker attraction of the Sun at those 
distances. 

LAWS OF PLANETARY MOTION. 

666 Three very important laws, governing the movements of 
the planets, were discovered by Kefpler^ a German astronomer, 
in 1609 In honor of their discoverer, they are called Kepler* i 
Laws, Kepler was a disciple of Tycho Brahe^ a noted astrono 
. mer of Denmark, and was equally celebrated aphbuow 

^with his renowned tutor. His residence and ..-—- -^ 

observatory were at Wirtemburgh, in Oer- z*^ \ 

many. / '*-^ 

The first of these laws is, that the orbits of i \ 

all the planets are elliptical^ having the Sun in j j 

the common focus, \ 

The point in a planet's orbit nearest the Sun is called the \ 

?erihelion point, and the point most remote the apJieUon point. \ / 

'erihelion is from peri, about or near, and helios^ the Sun ; and \. / 

apheUoHi from ajw, from, and helioSt the Sun. ><^ ^ ^'' 

PBRIUSUOH. 

From this first law of Kepler, it results that the planets move with different yelocitief, 
lii different parts of their orbits. From the apbelicu to the perihelion points, the 
centripetal force combPnes toUh the centrifugal to accelerate the planet's motion; 
while from perihelion to aphelion points, the centripetal acts tigaivii the centrifugal 
force, and reUiinUt it. 

fhe tendency to depart from the center ? What does the joint action of these two fbroei 
produce f M5. What relation between tlie Sun's attraction and tlie centrifbgml fores 
of the planets f What effect has the distance of a planet from the Sou, upon his attratt- 
tive force? How is this increased tendency. counterbalanced? 566. What unportaiu 
laws — ^whenand by whom discovered? State the first? What are Ihe oyi^rifai adJ 
pw?<*Wi««p9iBt8? Derivatiorv? What jroAults.from this Arst law? . ... 
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or uiMTO^i velocilj Isglren. ' j \C D/' \ 

567. TheseoMMi lawis, that therarfttu ii "\ .-■ | 

vedor of a fla/net dacribes eqwnl areas in \ I ''••^t^- J 

tqual Hmei. The radius is an imt^nary \ 6^9 /' 

liDB joining the center of the San and N ^O*' / 

the center of the planet, in any part of ^ / 

its orbit. Vedor is from reAo, to carry ; ■v.^ q ^_/ 

hence the radUis veelor is a radius carried '"^ 

round. By the statement that it dtscrxhes equal areas in iifuat 
tima, ii< meant that it sweeps "ver the same surface in an hour, 
when a planet is near the Sun, and moves swiftly, as, wh^n 
furthest Arom the Sun, it moves most slowly. 




,.._, d 1, sTb. Ic, OTei' BBcli at Hhlch tba radLiu Tec(« Tmepi In cqnil 

'568. The third \s.v of KeplsT is, that tie squarts of the periodic 
limes of any two jilanets are proportioned to the evhet of thexr mean 
, distances from the. Swn. 

i« Earth ud H>n, whoie p«r1od> %n St&^M* >ad (8»9TM iurt, 
---'•--"- - - - 'I the proponLoD of 1 to I'UW, And U vUl b* 

. (l.GDMS)!. 

nvuio iir N». Vu atr€ '«rr wui 
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4oeording to these Uws, which are known to prevail throaghont the lolar lycftoaii 
many of the facta of astronomy aro deduced from other facts prevloudj asc^srtainAiL 
They are, therefore, of great importance, and fthould be studied tUl thej are, at leaet, 
thoroughly understood, if not committed to memory. 

669. From the foregoing principles, it follows, that the force 
of gravity, and the centrifugal force, are mutaal opposing potoen 
— each continually acting against the other. Thus, the weight 
of bodies on the Earth's equator, is diminished by the centrifugal 
forc6 of her diurnal rotation, in the proportion of one pound for 
every 290 pounds : that is, had the Earth no motiou on her 
axis, all bodies on the equator would weigh one two hundred and 
ughty-ninth part more than they now do. 

On the contrary, if her diurnal motion were accelerated, the centrifugal force would be 
proportionally increased, and the weight of bodies at the equator would be in the same 
ratio diminished. Should the Earth revolve upon its axis with a velocity which would 
make the day but 84 minutes long, instead of 24 hours, the centrifugal force would coun* 
terbalance that of gravity, and ail bodies at the equator would ttien be absolutely desti* 
tute of weight; and if the centrifugal force were further augmented (the Earth revolving 
In less than 84 minutes), gravitation would be completely overpowered, and all fluids 
and loose substances near the equator would fly oflT from the surface. 

570. The weight of bodies, either upon the Earth, or on any 
other planet having a motion around its axis, depends jointly 
upon the mass of the planet, and its diurnal velocity. A body 
weighing one pound upon the equator of the Earth, would 
weigh, if removed to the equator of the Sun, 27.9 lbs.; of Mer 
cury, 1.03 lbs.; of Venus, 0.98 lbs.; of the Moon, l-6th of a-lb. ; 
of Mars, ^ lb. ; of Jupiter, 2.716 lbs. ; of Saturn, 1.01 lbs 



CHAPTER XI. 

PROPER MOTION OF THE SUN IN SPACE. 

571. Thofgh we are accustomed to speak of the Sun as the 
fixed center of the Solar System, the idea of his fixedness is cor- 
rect only so far as his relation to the bodies revolving aroond 
him are concerned. As the planets accompanied by their satel- 
lites revolve around the Sun, so he is found to be moving witb 
all his retinue of worlds, in a vast orhit^ around some distant aisd 
unknown center. 



669. What results trmn these principles, as respects the weight of bodies on the «».. 
mrfacef How increased or diminished? What illustrations given f 570. Uk> 
vjMm then, does the weight of bodies upon the planets depend? What lUnstratloMF 
674. la the Bun a Used body? What motion in space? Who flrit ad^anoed thti Uraf 
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This opinion was first advanced, we thinlE, by Sir William Herschel ; but the honor of 
ftfOtoally determining this interesting fact, belongs to Struve, who ascertained rtot onlj 
•he dtrection of the Son and Solar System, but also their velocity. The point of tend- 
waej it towards the constellation Hercules, Right Ascension 2&9*, Declination 86*. Th« 
tMocHiy of the Sun, Ac., in space, is estimated at about 20,000 miles per hour, or uearly 
9 miles per second ; 

672. With this wonderful fact in view, we may no longer con- 
sider the San as hxcd and stationary, bnt rather as a vast and 
Inminons planet, sustaining the same relation to some central 
orb, that the primary planets sustain to him, or that the second- 
aries sustain to their primaries. Kor is it neces'sary that the 
stupendous mechanism of nature should be restricted even to 
these sublime proportions. The Sun's central body may also 
have its orbit, and its center of attraction and motion, and so on, 
till, &s Dr. Dick observes, we come to the great ccii^<.r of all— to 
the Throne of Goo. 

THE CENTRAL SUN. 

613. In 184*1, an article appeared in several European jour- 
nals, announcing the probable discovery by Professor Madler, 
of Dorpat, of the Sun's central orb ; the inclination of his orbit 
to the plane of the ediptic ; and his periodic time ! 

By an extensive and laborious comparison of the quantities 
and directions of the proper motions of the stars in various parts 
of the heavens, combined with indications afforded by the paral- 
laxes hitherto determined, and with the theory of universal gra- 
vitation, Professor Madler arrived at the conclusion that the 
Pleiades form the central group of our whole astral or sidereal 
system, including the Milky Way and all the brighter stars, but 
exclusive of the more distant nebulae, and of the stars of which 
those nebulae may be composed. And within this central group 
itself he has been led to fix on the star Alcyone, as occupying 
exactly or nearly the position of the center of gravity, and as 
entitled to be called the central Sun. 

Assuming Bessel's parallax of the star 61 Cygni, long since remarkable for its larger 
proper motion, to be correctly determined, Madler proceeds to form a first approximate 
estimate of the distance of this central body from the planetary or solar system ; and 
arrives at the provisional conclusion, that Alcyone is about 84,000,0iD0 times as far removed 
from us, or from our own Sun, as the latter luminary is from us. It would, therefore 
according to this estimation, be at least a million times as distant as the new planet, of 
which the theoretical or deductive discovery has been so great and beautiful a triumph 
of modern astronomy, and so strilcing a confirmation of the law of Newton. The same 
approximate determination of distance conducts to the result, that the light of the cen 
Iral sun occupies more than five centuries in travelling thence to us. 



Direction and velocity of the Sun and Solar System ? 672. How, then, should wc 
regard the Sun? What further speculation? Dr. Dick's observation? 578. What 
great discovery in 1847, and by whom? By what process? What conclusion first 
reached ? What star afterward designated ? Further description of the progress of the 
JIacovery ? What conclusion respecting the passage of light from the eentral Sun to u&t 




970, 



574. The enorraoiiB orhit 
khich oar owd Son, with the 
Eafth, and tbe other placets, 
is thna inferrecl to be describ- 
ing about that distant cen- 
ter — not, indeed, under its 
influence alone, bnt by the 
combined attractions of all 
the stars which are nearer to 
it than we are, and which are 
^timated to amount to more 
than 111,000,000 of masses, 
each equal to the total mass 
of our own Solar System — 
issupposed to require upwards 
of ogktMa miltiom of years for 
its coniolete description, at the 
miles in every Becoud of time, 
over which the Sun has traveled since the creation of the world, 
amounts to only about j^jth part of his orbit, or about 7 
minutes — a,n arc ,so small, compared with the whole, as to be 
hardly disijnguishable from a. straight line. 

tf Ihr^ucenrllnf node ot the ronauo'[bi(°aa°Uis l^luii coDdudnij M be nivfr m 



CHAPTER XII. 

PRECESSION OF THE EQUINOXES— OB LI yUITY OF TOE' 

ECLIPTIC. 

575. Of all the motions which are going forward in tbe Solu 

System, there is none, which it ia important to notice, tnoro 

difficult to comprehend, or to explain, than what is called the 

PRECEBStON OF THE EijinvoxEa. 

The equinoxes, as we have learned, are the two opposite 
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w>mtB in tke Earth's orbit, where it crosses the celestial equator. 
The first is in Aries ; the other, in Libra. By the precession of the 
equinoxes is meant, that the intersection of the equator with the 
eciiptic is not always in the same point : — ^in other words, that 
the Sun, in its apparent annual course, does not cross the eqni- 
i.octial. Spring and Autumn, exactly in the same points, but 
every year a little behind those of the preceding year. 

576. This annual falling back of the equinoctial points, is 
called, by astronomers, with reference to the motion i)f the 
heavens, the Precession of tke Equinoxes; but it would better 
accord with fact as well as the apprel>ension of the learner, to 
call it, as it is, the Rece^ssion of the Equinoxes ; for the equinoc- 
tial points do actually recede upon the ecliptic, at the ra>e of 
about SOJ" of a degree every year. It is the name only, and 
not the position, of the equinoxes which remains permanent. 
Wherever the Sun crosses the equinoctial in the spring, there is 
the vernal equinox ; and wherever he crosses it in the autumn, 
there is the autumnal equinox \ and these points are constantly 
moving to the west. 

To render this sut^ect familiar, pbbcrssiom op thb gquiwoxbi. 

we will suppose two carriage roads, 

extending quite around tlie Earth ; I 

one, representing the equator, run- ' 

Ding due east and west; and the 
o^er representing the ecliptic, run- 
ning pearly in the same direction as 
the former, yet so as to cross it with 
a small angle (say of 23^'), both at 
the point where we now stand, for 
instance, and in the nadir, exactly 
opposite ;, let there also be another 
road, to. represent the prime meri- 
dian, running north and south, and 
crossing the first at right angles; in 
tlie common point of intersection, as 
in the annexed figure. 

Let a carriage now start from this 
point of intersection, not in th<?road 
leading directly east, but along that 
of the ecliptic, which leaves the 
former a little to the north, and let 
a person >ie placed to watch when 
the carriage comes around again, 
after having made the circuit of the 
Earth, and see whether the carriage 
will cross the equinoctial road again 
precisely in the 9ame track as when it left the goal. Though the person stood exacui 
in the former track, he need not fear being run over, for the carriage will cross thi 
road 100 rods west of him, 'that is 100 rods west of the meridian on which he stood. It If 
to be observed, that 100 rods on the equator is equal to 50^ seconds of a degree. 

If^the carriage still continue to go around the Earth, it will, on completing its lecoo J 




E qruinocuH 



What meant by their precession ? 676. With reference to what is it a preceMUmt Id 
tt really a precession of the equinoxes ? Where are the equinoxes spring and fall? Can 
yoc ilittstrate by the two carriage roads, &c. t By the other diagram? Does tho Sun 
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oircnii, eroM the equinoctial path 200 rods west of the meridian whence it flist let oc* 
on the third circuit, 800 rods west ; on the fourth circuit, 400 rods, and so on, continnal^. 
After 71 H circuits, the point of intersection would be one degree -west of its place at tl4 
commencement of the route. At this rate it would be easy to determine how manjr com* 
plete circuits the carriage must perform iMfore this continual falling bade of the inter- 
secting point would have retreated over every degree of the orbit, until it reached aga'x 
the point A^m whence it first departed. The api^cation of this illustration will be maci 
fest when we consider, farther, 

that this interesting phenomenon bkcessiom of tbi kquinoxu. 

may be explained in another 
way by the a<Uoining diagram. 
Let the point A represent the 
vernal equinox, reactied, for in- 
stance, at 12 o'clock on the 20th 
of March. The next year the 
Bun will be in the equinoctial 22 
minutes 88 seconds earlier, at 
which time the Earth will be 
BO )i* on the ecliptic, baok of the 
point at which the Sun was in 
the equinoctial the year before. 
The next year the same will oc- 
cur again; and thus the equi- 
noctial point will recede west- 
ward little by little, as shown by 
the small lines from A to B, and 
from to D. It is in reference 
to the stars going forward, or 
seeming to precede the equi- 
noxes, that the phenomenon is 
called the Precession of the EquI* 
noxes. But in reference to the 
motion of the equinoxes them- 
toelves, it is rather a receesion, 

577. The Sun revolves from one equinox to the same equinox 
iigain, in 365d. 6h. 48' 47" 81. This constitutes the natural, or 
tropical year, because, in this period, one revolution of the sea- 
sons is exactly completed. But it is, meanwhile, to be borne in 
mind, that the equinox itself, during this period, has not kept 
its position among the stars, but has deserted its place, and 
fallen hack a little way to meet the Sun ; whereby the Sun has 
arrived at the equinox before he has arrived at the same position 
among the stars from which he departed the year before ; and, 
consequently, must perform as much more than barely a tropical 
revolution, to reach that point again. 

To pass over this interval, which completes the Sun^s sidereal 
revolution^ takes (20' 22".94) about 22 minutes and 23 seconds 
longer. By adding 22 minute<? and 23 seconds to the time of a 
tropical revolution, we obtain 365d« 6h. 9m. lOfs. for the length 
of a sidereal revolution ; or the time in which the Sun revolves 
from one fixed star to the same star again. 

Though we speak of the revolution of the Sun, we mean simply his apparenS revolution 
enstward around the heavens, caused wholly by the actual revolution of the Karth in bet 

Actually revolve t Why, then, speak of hit revolution f 577. What is the length «f • 
tropics! year ? How different from a sidereal year t Difference of t^iwif Length of a 
irtdcreaiyearf 
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trbit, A8 A distant ol]tJect would appear to sweep around the horixou if we were walking 
dr sailing around it. This may be illustrated by the cut, page 288i where thr passage 
of the Earth from A to B would cause the Sun to appear to move from u to D ; and id on 
around the whole circle of the Zodiac. 

678. As the Sun describes the whole ecliptic, or 360°, in a 
tropical year, he moves over 69' 8^" of a degree every day, at a 
mean rate, which is equal to 60^" of a degree in 20 minutes and 
23 seconds of tune ; consequently he will arrive at the same 
equinox or solstice when he is 60;^^" of a degree short of the sanu 
star or fixed point in the heavens, from which he set out the 
year before. So that, with respect to the fixed stars, the Sun 
and equinoctial points fall bacis, as it were, 1° in 7 If years. 
This will make the stars appear to have goTie forward 1°, with 
respect to the, signs in the ecliptic, in that time ; for it must be 
observed, that the same signs always keep in the same points of the 
ediptiCf without regard to the place of the cmistellatums. Hence it 
becomes necessary to have new plates engraved for celestial 
globes and maps, at least once in 60 years, in order to exhibit 
truly the altered position of the stars. At the present rate of 
motion, the recession of the equinoxes, as it should be called, or 
the precession of the stars, amounts to 30°, or one whole sign, iu 
2140 years. 

PRBCnSIOM OP THE STABS. 




To explain this by a figure : Suppose the Sun to have been in conjunction with a flxea 
star at S, in the first degree of Taurus (the second .sign of the ecliptic). 840 years befoni 
the birth of our Saviour, or about the seventeenth year of Alexander the Great; then 
having made 2140 revolutions through the et liptic, he would be found again at the end of 
so many sidereal year* at S ; but at the end of so many Julian years^ he would be found 
at J, and at the end of so many tropical years, which would bring it down to the begin- 
ning of the present century, he would be found at T, in the first degree of Aries, which 



578. Daily progress of the Sun ? What is the amount of the annual recession of the 
equinoxes? What effect will this have iipi n the apparent positions of the stars ? Hence 
wbai becomes necessary? How long does it require for the equinoxes to recede a w'ioIa 
f^/r * Do you unilerstand the diagram, and the reference to the sidereal, Julian, aud 
Ttfi'lcal years? Explain the difference iu the^e three kinds of years. 
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has receded from 8 to T in that time by the precession of the equinoctial points Aries «u«i 
Libra. The arc S T would be equal to the amount of the precession {Jor precsMioti wo ' 
must still call it) of the equinox in 2140 years, at the rate of 50' .28572 of a degree, or fit 
minutes and 23 seconds of time annually, as above stated. 

• 579.. From the constant retrogradation of the equinoctial 
^points, and with them of all the signs of the ecliptic, ii follows 
that the longitude of the stars must continnally increase. The same 
cause affects also their right ascension and declination. Hence, 
those stars which, in the infancy of astronomy, were in the sign 
Aries J we now find in Taurus ; and those which were in Tawms, 
we now find in Gemini, and so on. Hence likewise it is, that 
the star which rose or set at any particular time of the" year, in 
the tiiTie of Hesiod, Eudoxus, Virgil, Pliny, and others, by no. 
means answers at this time to their descriptions. 

Uesio^ 'n his Opera et Dies^ lib. ii. verse 185, says : 

" Wlien from the solstice sixty wintry days 
Their turns have finifhed, mark, with glittering rays, 
From Ocean^s sacred flood, Arcturus rise, 
Then first to gild the dusky evening skies." 

But S returns now rises acronically in latitude 37' 45' N. the latitude of Hesiod, and 
nearly that of Richmond, in Virginia, about 100 days after the winter solstice. Suppo^ 
ing Hesiod to be correct, there is a difference of 40 days arising from the precession of 
the equinoxes since the days of, Hesiod. Now, as there is no record extant of the exact 
period of the world when this poet flourished, let us see to what result astronomy will 
lead us. 

As the Sun moves through about 89' of the ecliptic in 40 days, the winter solstice, in 
the time of Hesiod, was in the 9th degree of Aquarius. Now, estimating the precession 
of the equinoxes at 50)^' in a year, we shall have 50)4' : 1 year : : 89 : 2S14 years since the 
time of Hesiod : if we subtract from this our present era, 1855, it will give 958 years before 
Christ. Lempriere, in his Classical Dictionary, says Hesiod lived 907 years before Christ. 
Sec a similar calculation for the time of Thales, page 89. 

680. The retrograde movement of the equinoxes, and the 
annual extent of it, were determined by comparing the longitude 
of the same stars, at different intervals of time. The most car^ 
ful and unwearied attention was requisite in order to determine 
the cause and extent of this motion — a motion so very slow as 
scarcely to be perceived in an age, and occupying not less than 
25,000 years in a single revolution. It has not yet completed 
one quarter of its first circuit in the heavens since the creation 
of Mars. 

581. This observation has not only determined the absolute 
motion of the equinoctial points, but measured its limit ; it has 
also shown that this motion, like the causes which produce it, is 

not uniform in itself ; but that it is constantly accelerated by a 

>. — ■ 

57tf. What effect has the recession of the equinoxes upon the longitude of the start, and 
their right ascension and decliuatiuu? Ubnce what' results ? What interesting ealco- 
lation in reference to Hesiod ? 580. How were this recession and its extent determlnedf 
What necessary? Time of complete revolution? Amount since creation? 561. & 
this jr^trogreasion uniform? Amount of acceleration ? Alliat illustration giYen f 
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slow arithmetical increase of 1" of a degree in 4100 years. A 
quantity which, though totally inappreciable for short periods of 
time, becomes sensible after a lapse of ages. 

For example : The retrogradation of the equinoctial points ia now greater by nearly }i' 
than it was in the time of ITipparchus^ the first who observed this motion ; consequently, 
the mean tropical year is shorter now by about 12 seconds than it was then. For, since 
the retrogradation of the equinoxes is now every year greater than it was then, the Sun 
has, each year, a space of nearly ^' les^ to pass Virough in the ecliptic, in order to reach 
the plane of the equator. Now the Sun is 12 seconds of time in passing over H' of »j}ac6. 

582. At present, the equinoctial points move backwards, or 
from east to west along the path of the ecliptic at the rate of 1° 
in 7 If years, or one whole sign in 2140 years. Continuing at 
this rate, they will fall back through the whole of the 12 signs 
of the ecliptic in 25,680 years, and thus return to the same 'posi- 
tion am^ong the stairs, as in the beginning. 

But in determining the period of a complete revolution of the 
equinoctial points, it must be borne in mind that^he motion itself 
is continually increasing ; so that the last quarter of the revolu- 
tion is accomplished several hundred years sooner than the first 
quarter. Making due allowance for this accelerated progress, 
the revolution of the equinoxes is completed in 25,000 years ; 
or, more exactly, in 24,992 years. 

Were the motion of the equinoctial points uniform ; that is, did they pass through 
equal portions of the ecliptic. in equal tiroes, they would accomplish their first quarter, or 
pass through the first three aignft of the ecliptic, in 6250 years. But they are 6575 years 
in passing through the first quarter ; about 218 years less in passing through the second 
quarter; 218 less in passing through the third, and so on. 

583. The immediate consequence of the precession of the equi- 
noxes, as we have already observed, is a continuaMy progressive 
in4^rease of longitude in all the heavenly bodies. For the vernal 
equinox being the initial point of longitude, as well as <^^ right 
ascension, a retreat of this point on the ecliptic tells upon the 
longitude of all alike, whether at rest or in motion, and pro- 
duces, so far as its amount extends, the aj^pearance of a motion 
m longitude common to them all, as if the whole heavens had a 
slow rotation around the poles of the ecliptic in the long period 
above mentioned, similar to what they have in every twenty-four 
hours around the poles of the equinoctial. As the Sun loses one 
day in the year on the stars, by his direct motion in longitude ; 
so the equinox gains one day on them in 25,000 years, by its 
retrograde motion. 

662. Present rate of motion ? . Exact period at «#>:s rate? Period making allowance 
for acceleration f Time of passing over the first quarter of the ecliptic? The second f 
Third? 588. What immediate consequences of the precession of the equinoxes.! 
Why docs it aff»> the longitude of the stars ? What resemblance between the motton of 
tbe celestial i^>her and that of the Rarth? Between the Sun and equlnoxen^ 

12* 
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fi84. The ciinse of this motioo was aiiknown, nntil Aewton 
proved that it was a necessary conseqacnce of the rotation of 
:he Earth, combined with its elliptical figure, and the uneqaai 
attraction of the Sun aud Mooa on its polar and eqaatorial 
regions. There being more matter about the Earth's equator 
than at the poles, the former is more strongly attracted than 
the latter, which causes a slight gyratory or wabbling motion of 
the poles of the Earth around those of the ecliptic, like the pin 
of a top about its center of motion, when it spins a little 
ibliquely to the base. 

585. The precession of the equinoxes, thus explained, consists 
in a real motion of the pole of the heavens among the stars, in a 
small circle around the pole of the ecliptic as a center, keeping 
constantly at its present distance of nearly 23J° from it, in a 
direction from east to west, and with a progress so very slow, 
as to require 25,000 years to complete the circle. During this 
revolution, it is evident that the pole will point sncceEsiveiy to 
every part of the small circle in the heavens which it thns 
describes. Now this cannot happen without producing corre- 
sponding changes in the apparent diurnal motion of the sphere, 
and in the aspect which the heavens must present at remote 
periods of time. 

Ul Uie line A A In the Sgure rc- 
pruitnt the plnDC at the ecJlptlc; 

Uieecllptib TbeTurC, at thelop, 

of the norlli polo of the hesTen> 

586. The effect of such 
a motion on the aspect of 
the heavens, is seen in the 
afpi^reTii approach of some 
stars and constellations to 
the celestial pole, and the 
recession of others. The 
brigut star of the Lesser 
Bear, which we call the folt star, has not always been, nor will 
always continue to be, our polar star. At the time of the con- - 




uifn^Jt HmrHh Uia Pate <Ur> 



PRECESSION OF THE EQUINOXES. 277 

fitraction of the earliest catalogue, this star was 12® from the 
pole ; it is now only 1° 34' from it, and it will approach to 
within half a degree of it ; after which it will again recede, and 
Blowly give place to others, which will succeed it in its proximity 
to the pole. 

The pole^ as above considered, is to be understood, merely, as the tanUMnff point of 
the Earth's axis ; or that point in the concave sphere which is ahoay* oppo9*Ae the 
terrestiul pole, and which consequently must move as that moves. 

687. The precession of the stars in respect to the equinoxes, 
is less apparent the greater their distance from the ecliptic ; for 
whereas a star in the zodiac will appear to sweep the whole 
circumference of the heavens in an equinoctial year, a star situ- 
ated within the polar circle will describe only a very small circle 
in that period, and by so much the less, as it approaches the 
pole. The north pole of the Earth being elevated 23° 27^' 
towards the tropic of Cancer, the circumpolar stars will be suc- 
cessively at the least distance from it, when their longitude ip 
B signs or 90°. 

588. The position of the north polar star in 1855, was in tho 
17° of Taurus; when it arrives at the first degree of Cancer, 
which it will do in about 250 years, it will be at its nearest 
possible approach to the pole — namely, 29' 55". About 2900 
years before the commencement of the Christian era, Alpka Dror 
co^hisj the third star of the Dragon's tail, \vas in the first degree 
of Cancer, and only 10' from the pole ; consequently it was then 
t\ie pole star. After the lapse of 11,600 years the star iyra, 
the brightest in the northern hemisphere, will occupy the position 
of a pole star, being then about 5 degrees from the pole ; 
whereas now its north polar distance is upward of 51°. 

The mean average precession from the creation (4004 B. C.) to the year 1800, is 
49' .51455 ; consequently the equinoctial points have receded since the creation, Ss. 14* 8' 
27'. The longitude of the star BetM ArietUy was in 1820, 81* 27' 28' : Mekm^ a famous 
mathematician of Athens, who flourished 480 years before Christ, says, this star, in his 
time, was in the vernal equinox. If he is correct, then 81* 27' 28', divided by 2250 years, 
the elapsed time, will give 50^' for the precession. Something, however, must be 
allowed for the imperfection of the instruments used at that day, and even until the six- 
teenth century. 

589. Since all the stars complete half a revolution about the 
axis of the ecliptic in about 12,500 years, if the North Star be 
at its nearest approach to the pole 250 years hence, it will, 

What, then, is the real p<^ of the heavens f 587. Where is the precession of the sUra 
most apparent? Where least? When are the circumpolar stars nearest the tropie of 
Cancer, and why? 588. Where was the pole star in 1855? When will it be nearenS 
thetme pole? Uow near then? What said of ^i^Aa Draconigf Of Lyrat Meoo 
nverage recession for 5800 years ? Amount ? Longitude of Beta Arietis in 1820 ? Be* 
fore Christ 480 years, where ? Average of precession for these 2250 years ? 580. What 
further result of the revolution of the pole of the heavens? What effect? Whore, thcA. 



278 ASTRONOMV. 

12,500 years afterwards, be at ita greatest possiV-hi dis'juice. 
from it, or about 41° above it : — That is, the star itself will 
remain iminoTable in its present position, but the pole of the 
Earth will then poiot as much beioto the pole of the ecliptic, as 
ifmo it points above. This will hare the effect, apparently, of 
elevating the present polar star to twice its present altitade, or 
4T°. Wherefore, at the expiration of half the equinoctial year 
that point of the heavens which is now 1° 18' north of the zenith 
of Hartford, will he tbe place of the north pole, and oil those 
places which are situated 1° 18' north of Hartfor-l, will then 
have the present pole of the heavens in their zenith. 

OBLiQrrrY of the ECLiPnc. 
590. The inclination of the Earth's axis to the plane of the 
ecliptic causes the equinoctial to depart 23° 28' from the eclip- 
tic. This angle made by the equinoctial and the ecliptic is 
called the Ohliquily of the Ediptic. 




ofaueciipUc. 

591. Hitherto, we 
have considered these 
great primary circles 
in the heavens, as never varying their position in apace, nor with 
respect to f^ach other. Bat it is a remarkable and well-ascer- 
tained fact, that both are in a state of constant change. Wd 
have seen that the plane of tlie Earth's equator is constantly 
drawn out of place by the nneqna! attraction of the Snn and 
Moon acting in different directions npon the unequal masses of 
matter at the equator and the poles ; whereby the intersection 
of the equator with the ecliptic is constantly retrograding— tboa 
producing the precession of the tgainoxet. 

Ul. la Ihii 'inglt iJiinyi the vaae r Whsl rjirliitlim of the fqulDoctlikir 
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. -592. The displacement of the ecliptic^ on the contrary, is pro- 
daced chiefly by the action of the planets, particularly of Jupi- 
ter and Venus, on the Earth ; by virtue of which the plane of 
the Earth's orbit is drawn nearer to those of these two planets, 
^nd consequently, nearer to the plane of the equinoctial. Tlie 
tendency of this attraction of the planets, therefore, is to dimi' 
nish the angle which the plane of the equator makes with that 
of the ecliptic, bringing the two planes nearer together ; and if 
the- Earth had no motion of rotation, it would, in time, cause 
the two planes to coincide. But in consequence of the rotary 
motion of the Earth, the inclir.ation of these planes to each other 
remains very nearly the same ; its annual diminution being scarcely 
more than threerfourths of one second of a degree. 

The obliquity of the ecliptic, at the comioiencement of the present century was, accord- 
ing to Baily, 28° 27' 56^', subject to a yearly diminution of 0'.4755. According to £efi- 
§el^ it was 28° 27' 54' .82, with an annual diminution of 0'.46. At this date (1855), it is only 
^bout 28° 27' 29*. Consequently, the angle is diminished about 27' in 55 years. This 
iiminution, however, is subject to a slight semi-annual Tariation, from the same causes 
vhich produce the displacement of the plane of the ecliptic, in precession. * 

593. The attraction of the Sun and Moon, also, unites with 
that of the planets, at certain seasons, to augment the diminu- 
tion of the obliquity, and at other times, to lessen it. On this 
account the obliquity itself is subject to a periodical variation ; 
for the attractive power of the Moon, which tends to produce a 
change in the obliquity of the ecliptic, is variable^ while the diur- 
nal motion of the Earth, which tends to prevent the change from 
taking place, is constant. Hence the Earth, which is so nicely 
poised on her center, bows a little to the influence of the Moon, 
and rises again, alternately, like the gentle oscillations of a 
balance. This curious phenomenon is called Nutation (589). 

In consequence of the yearly diminution of the obliquity of the ecliptic, the tropics art 
slowly and steadily approaching the equinoctial, at the rate of little more than threo- 
four^s of a second every year; so that the Sun does not now come so far north of tlie 
equator in summer, nor decline so far south in winter, by nearly a degree, as it must 
have done at the Creation. 

594. The most obvious effect of this diminution of the obli- 
quity of the ecliptic, is to equalize the length of our days and 
nights ; but it has an effect also to change the position of the 
stars near the tropics. Those which were formerly situated 
aorth of the ecliptic, near the summer solstice, are now found to 
be still farther north, and farther from the plane of the ecliptic. 
On the contrary, those which, according to the testimony of the 

592. What displacement of the ecliptic, and by what caused? Effect of these causes f 
Amount of change annually ? Obliquity of the ecliptic in 180(» r In 1855 r 598. Diminution 
In 65 years? y^h&t ia I^utatianf Its catutf What effect fk'om this annual dlminu' 
tibh of obliquity {. 594. What other effect? Will this diminution continue? Whl»t 
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ancient astronomers, were situated south of the ecliptic, near the 
summer solstice, have approached this plane, insomuch that some 
are now either situated within it, or just on the north side of it. 
Similar changes have taken place with respect to those stars 
Rituated near the winter solstice. All the stars, indeed, partici- 
pated more or less in this motion, but kss^ in proportion to their 
proximity to the equinoctial. 

It is important, however, to "Observe, that this diminution will not always continno. A 
time will arrive when this motion, growing less and less, will at length entirely cease, 
and the obliquity will, apparently, remain constant for a time ; after which it will gra* 
dually increase again, and continue to diverge by the same yearly increment as it before 
had diminished. This alternate decrease and increase will constitute an endless oscilla- 
tion, comprehended between certain fixed limits. Theory has not yet enabled ns to 
determine precisely what these limits are, but it may be demonstrated from the constitu- 
tion of our globe, that such limits exist, and that they are very restricted, probably not 
exceeding 2* 42'. If we consider the effect of this ever- varying attribute in the system 
of the universe, it may be affirmed that the plane of the ecliptic never has coincided 
with the plane of the equator, and never will coincide with it. Such a coincidence, 
could it happen, would produce upon the Earth perpetual spring. 

595. The method used by astronomers to determine the 
obliquity of the ecliptic is, to take half the diflTerence of the 
greatest and least meridian altitudes of the Sun. 

The following table exhibits the mean obliquity of the ecIi|itio for every ten yaart 
during the present century. 
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28 
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28 


27 


41 .07 


1890 
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28 


27 


09 .08 


1860 


28 


27 


81 .98 


1910 


28 


27 
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CHAPTER XIII. 

PHILOSOPHY OF THE TIDES. 

596. Tides are the alternate rising and falling of the waters 
of the ocean, at regular intervals. Flood tide is when the waters 
are rising ; and ebh tide, when they are falling. The highest 
and lowest points to which they go are called, respectively, high 
and low tides. The tides ebb and flow twice every twenty-four 
hours — t. e., we have two flood and two ebb tides in that time. 

^cle of oscillation f Its probable limits? What conclusion froai this oscillatloo of tba 
ecliptic ? 696. By what meihod do astronomers determine the obliquitar of Um eoUpUcf 
506. Wbit are tides? Flood and ebb tides? High and low? How often do »h«j eM 
%ndflow? 
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597. The tides are not aniform, either as to time or amount. 
They occur about 50 minutes later every day (as we shaiJ 
explain hereafter), and sometimes rise much higher and sink 
much lower than the average. These extraordinary high and 
low tides are called, respectively, spring and nea'p tides. 

698. The cause of the tides is the attraction of the Sun and 
Moon upon the water of the ocean. But for this foreign influ- 
ence, as we may call it, the waters having found their proper 
level, would cease to heave and swell, as they now 
do, from ocean to ocean, and would remain calm 
and undisturbed, save by their own inhabitants and 
the winds of heaven, from age to age. 

In this figure, the Earth is represented as surrounded by water, in a 
state of rest or equilibrium, as it would be were it not acted upon by 
the San and Moon. 

599. To most minds, it would seem that the natural effect ot 
the Moon's attraction would be to produce a single tide-wave 
on the side of the Earth toward the Moon. It is easy, there- 
fore, for students to conceive how the Moon can produce one 
flood and one ebb tide in twenty four hours. 




In this cut, the Moon is shown at a distance above the Earth, and one 
attracting the waters of the ocean, so as to produce a high tide at A. ' 
But as the moon malces her apparent westward revolution around the 
Elarth but once a day, the simple rising of a flood tide on the side of the 
Earth toward the moon, would give give us but one flood and one ebb 
tide in twenty-four hours ; whereas it is Icnown that we have two of 
each. 

** The tides," says Dr. Herschel, " are a subject on which many per- 
sons find a strange difficulty of conception. That the Moon by her 
attraction, should heap up the waters of the ocean under her, seems to 
many persons very natural. That the same cause should, at the same 
time, heap them up on the opposite side of the Earth (viz., at B in the 
figure), seems to many palpably absurd. Yet nothing is more true." 



TIDB-WAVB 



€ 




600. Instead of a single tide-wave upon the waters 
of the globe, directly under the Moon, it is found 
that on the side of the Earth directly opposite, 
there is another high tide ; and that half-way 
between these two high tides are two low tides. 
These four tides, viz., two high and two low, 
traverse the ocean from east to west every day, 
which accounts for both a flood and an ebb tide 
every twelve hours. 



TWO TIDK-W.iVM. 



€« 




597 Are the tides uniform? What variation of time? As to amonntf What are 
these extraordinary high and low tides called? 59S. The cause of tides? How but 
for this influence ? 599. What most obvious eflTect of tlie Moon's attraction * Substance 
7f note? Remaric of Dr. Herschel? 6uO. How many tide-waves are there on the 
glubo^ and how situated ? 
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In fUa cut, we haTe a representation of Che tide-waves as they aetoally ezlat^ expept 
Ibat their height, as compared with the magnitude of the Barth, is rastly too great. 
It is designedly exaggerated, the better to illustrate the principle under consideratiMu 
While the Moon at A attracts the waters of the ocean, and produces a high tide at B, 
we see another high tide at G on the opposite side of the globe. At the same time it la 
low tide at D and E. 

601. The principal cause of the tide-wave on the side of the 
Earth opposite the Moon is the difference of the Moon's attrac- 
tioQ on different sides of the Earth. 

If the student well understands the sul^ect of gravitation, he wUl eaaOy perceirt 
how a difference of attraction, as above described, would tend to produce an elongation 
of the huge drop of water called the Earth. The diameter of the Earth amounts to about 
— i—th of the Moon's distance ; so that, by the rule (5{^), the difference in her attraction 
on the side of the Earth toward her, and the opposite side, would be about y^tlu The 
attraction being stronger at B (in the last cut) Uian at the Earth's center, and stronger. 
at lier center than at C, would tend to separate these three portions of the globe, giving 
the waters an elongated form, and producing two opposite tide-waves, as shown in 
ttie cut. 

602. A secondary cause of the tide-wave on the side of the 
Earth opposite the Moon, is the revolution of the Earth around 
the common center of gravity between the Earth and Moon, 
thereby generating an increased centrifugal force on that side 
of the Earth. 

The center of gravity between the Earth and Moon is the point where, thej .would 
exactly balance each other, if connected by a rod, and poised upon a ftilcrum. 

OBVTBS or ORIVITT BBTWKBM THB KXRTM AVO MOOH. 

Bfooa. 




This point which, according to Ferguson, is about 6000 miles ft-om the Earth's center 
b represented at A in the above, and also in the next cut. 

BEOOVOABT OADBS OT HIOH TIDX OPPOSrrS THB MOO*. 




c 



The point A represents the center of gravity between the Earth and Moon ; and as U 
Ij tnis point which traces the regular curve of the Earth's orbit, it is represented in th« 
arc of that orbit, while the Earth^s center is 6000 miles one side of it. Now, the law of 
gir.vitation requires that while both the Moon and Earth revolve around the Sun, they 
eltould also revolve around the common center of gravity between them, or around tbe 
point A. This would give the Earth a VUrd revolution^ in addition to that around thr 

601. State the principal cause of the wave opposite the Moon? Demonstrate bj dia 
gram. 602. What other cause operates with the one Just stated to prod *ice the tide- 
wave opposite the Moon? Whst is the center of gravity between the Earth and tbe 
Moon ? Where is it situated ? Illustrate the operation of this secondaiy cause. 
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Bun and on her axis. The small circles show her path around the center of grarity, and 
the arrows her direction. 

This motion of the Earth would slightly Increase the centrifugal tendency at B, and 
thus help to raise the tide-wave opposite the Jlioon. But as this motion is slow, corre« 
bponding with the revolution of the Moon around the Earth, the centrifugal force could 
«ot be greatly augmented by such a cause. 

603. As the Moon, which is the principal cause of the tides, 
is revolving eastward, and comes to the meridian later and later 
every night, so the tides- are about 60 minutes later each suuiess- 
ive day. This makes the interval between two successive high 
tides 12 hours and 25 minutes. Besides 

,, . ,.11 . .,, 1 ^r ,1 TIDE- WA VKS BKHIND THK MOON. 

this daily lagging with the Moon, the ^^^ 

highest point of the tide-wave is found %) ""^^ 

to be about 46° behind, or east of the y'^^ 
Moon, so th^t high tide does not ,/ 
occur till about three hours after the 
Moon has crossed the meridian. The \^A- 

waters do not at once yield to the im- BB^^V 

p.ulse of the Moon's attraction, but ^H^^^ 

continue to rise after she has passed ^^j^^^B 

over. 

In the cut, the Moon is on the meridian, but the highest point of the wave is at A, <)| 
45* east of the meridian ; and the corresponding wave on the opposite side at B is equally 
behind. 

604. The time and character of the tides are also affected by 
winds, and by the situation of different places. Strong winds 
may either retard or hasten the tide?, or may increase or diminish 
their height ; and if a place is situated on a large bay, with bni 
a narrow opening into the sea, the tide will be longer in rising. 
as the bay has to fill up through a narrow gate. Hence it is 
not usually high tide at New York till eight c nine hours after 
the Moon has passed the meridian. 

606. As both the Sun and Moon are concerned in the produc- 
tion of tides, and yet are constantly changing their positions 
with respect to the earth and to each other, it follows that they 
^sometimes act against each others and measurably neutralize each 
other's influence ; while at other times they combine their forces, 
and mutually assist each other. In the latter case, an unusually 
high tide occurs, called the Spring Tide, This happens both at 
new and full Moon. 

€08. What daily lagging of the tides ? Interval between two successive high tides f 
What other lagging? Cause of this last? 604. What modification of the time and 
character of the tides ? 605. Do the Sun and Moon always act together in attracting 
the waters ? Why not r How affect each other's influence ? Effect on the tides ? What 
f4Te Spring Tides f When do they occur? Illustrate by diagram the causa of sprinf 
t&i^efi, when 'he Sun and Moon are in conjunction. 
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OAUra OF BPBnO TIOBS. 




i*^ 

Q) 




lere the Son and Moon, being in conjunction, unite their forces to prodnoe an estn* 
Unary tide. The Bame effect follows when they are in opposition ; so that we hmr% 
.40 spring tides every month — namely, at new and full Moon. 

If the tide-waves at A and B are one-third higJier at the Moon*s quadrature than osoal, 
those of G and D will be one-third Unoer than usual. 

606. When the Moon is in quadrature^ and her inflaence is 
partly neutralized by the San, which now acts against her, the 
result is a very low tide, called Neap Tide, 

SPaUlO AND MKAP TIDBB. 

The whole philosophy of spring and 
neap tides may be illustrated by the an- 
nexed diagram. 

On the right side of the cut, the Sun 
and Moon are in conywnction^ and unite 
to produce a spring tide. 

At tlie first quarter, their attraction 
acts at right angles, and the Sun, instead 
of contributing to the lunar tide-waves, 
detracts ft'om it to the amount of his 
own attractive force. The tendency to 
form a tide of his own, as represented in ^ 
the figure, reduces the Moon's wave to t) 
the amount of one-third. 

At the full Moon, she is in opposition 
to tlie Sun, and their joint attraction 
acting again in the same line, tends to 
elongate the fluid portion of the Earth, 
and a second spring tide is produced. 

Finally, at the third quarter, the Sun 
and Mbon act (tgainst each other again, 
and the second neap tide is the result. 
Thus we have two spring and two neap 
tides during every lunation — the former 
at the Moon's cysygies, and the latter at her quadratures. 

607. Although the Sun attracts the Earth much more power 
fully, as a whole, than the Moon does, still the Moon contributes 
more than the Sun to the production of tides. Their relative 
influence is as oiie to three. The nearness of the Moon makes 
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606. What are Ifeap Tides? 
)7. Comparative infiuc 
In ftaence the greatest f Substance of nf ie f Demonstration f 



Their cause f niustrate entire philosop!ur by diamun. 
Pil. Comparative infiuence of Sun and Moon in the production of tideal Why MoonV 
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tie differenu of her attraction on different sides of the Earth 
much greater than the difference of the Sun's attraction on dif« 
ferent sides 

It must not be forgotten that the tides are the result not m mnch of the attraction of 
the San and Moon, as a fchoUf as of the d^erence in their attraction on diiferient sides 
of the Earth, caused hj a difference in the diHancea of the several parts. The attrac- 
tion being inversely as the square of the distance (55S), the influence of the Sun and 
Moon, respectively, must be in the ratio of the Earth's diameter to their distances. Now 

the difference in the distance of two sides of the Earth flrom the Moon is -^th of the 
Br<ion*8 distance ; at 840,000-«-8,000=80 ; while the difference, as compared with the dit* 
tance of the San, is only XTiT?^* '^ 95,000,000-«-8,000=ll,875. 

608. The tides are subject to another periodic variation, 
caused by the declination of the Sun and „^„„ ..«^^ .^ «^,-. 

Moon north and south of the equator. tiom. 

As the tendency of the tide-wave is to ^ m\ 

rise directly under the Sun and Moon, ..• .. / '\ 

when they are in the south, as in winter, \ i / 

or in the north, as in summer, every | / 
alternate tide is higher than the interme- 
diate one. 




At the time of the equinoxes, the Sun being over the 
equator, and the Moon within 53^* of it, the crest of the 
great tide-wave will be on the equator ; but as the Sun 
and Moon decline south to A, one tide-wave forms in the 
south, as at B, and the opposite one in the north, as at 
0. If the declination was norths as shown at D, the order of the tides wonld be reversed. 
The following diagram, if carefully studied, will more fully illustrate the subject of the 
alternate high and low tides, in high latitudes, in winter and summer : 

ALTKBHATB HIGH AND LOW TIDB. 






.e 



let the line A A represent the plane of the ecUptie^ and B B the equinoctial. On the 
21 St of June, the day tide-wave is north, and the evening wave south, so that the tide 
following about three hours after the Sun and Moon, will be higher than the intermediate 
one at 8 o'clock in the morning. 

On the 88d of December, the Sun and Moon being over the sonthem tropic, the 
highest wave in the southern hemisphere will be about 8 o'clock P. M , and the lowest 
about 8 o'clock A.M. ; while at the north, this order will be reversed. It is on this 
account that in high latitudes every altemate tide is higher than the intermediate ones; 
the evening tides in summer exceeding the morning tides, and the morning tides in win* 
ter exceeding thoee of evening. 

609. All spring and neap tides are not alike as to their eleva 
tion and depression. As the distances of the Sun and Moon are 

(}08. What other periodic variations mentioned? Explain cause, and illastrate. 
SU9. Are all spring and neap n >» alike? ^ what are they modified? lUostrate Lf 
diagram. 
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varied, so are the tides varied, especially by the rariations 6f 
the Mood. 

▼AKIATIOHS IH THK SPRING TIDBS. 

\ 

At A, the Earth is in aphelion^ and the Moon in apogee. As both the Sun and Moon 
are at their greatest distances, the Earth is least affected by their attraction, ai.d the 
spring tides are proportionately low. 

A^ B, the Earth is in perihelion^ and the Moon in perigee; so that both the Sen and 
Moon exert their greatest influence upon our globe, and the spring fides are higheetf M 
Khown in the figure. In both cases, the Sun and Moon are Sn cui\junction, but the rarla- 
tion in the distances of the Sun and Moon causes variutions in the spring tides. 

610. In the open ocean, especially the Pacific, the tide rises 
and falls but a few feet ; but when pressed into narrow bays 
or channels, it rises much higher than under ordinary cir 
cumstances. 

The average elevation of the tide at several points on our coast is as follows : 

Cumberland, head of the Bay of Fundy 71 feet. 

Boston \\\ *» 

New Haven 8 ** 

New York 6 ** 

Charleston, S. « " 

611. As the great tide-waves proceed from east to west, they 
are arrested by the continents, so that the waters are per- 
manently higher on their east than on their west sides. The 
Gulf of Mexico is 20 feet higher than the Pacific Ocean, on the 
other side of the Isthmus ; and the Red Sea is 30 feet higher 
than the Mediterranean. Inland seas and lakes have no per- 
ceptible tides, because they are too small, compared with the 
whole surface of the globe, to be sensibly affected by the attrac- 
tion of the Sun and Moon. 



ATMOSPHERICAL TIDES. 

612. Air being lighter than water, and the surface of tKe 
atmosphere being nearer to the Moon than the surface 'of the 
sea, it cannot be doubted but that the Moon raises mach bigner 

GIO. Height of tides in open seas? How in narrow bays and channels? Height at dif- 
ferent points on our coast f 611. Direction of tide-waves? What result? Instanctf 
cited? Have inland seas and lakes any tides? Why not? Remarks ^rcspeetlikff pM* 
tofl09hv of tides f 612 Atmospheric tides ? 
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tides in the atmosphere than in the sea. According to Sir 
John Herschel these tides are, by very delicate observations^ 
rendered not only sensible, but measurable. 

Upon the supposition that there is water on the surface of the Moon of the same 
specific gravity as our own, we might easily determine the height to which the £arth 
would raise a lunar tide, by the Icnown principle, that the attraction of one of these 
k)dies on the other's surface is directly as its quantity of matter, and iwveraely %8 its 
diameter. By making the calculation, we shall find the attractive power of the terth 
upon the Moon to be 21,777 times greater than that of the Moon upon the Earth. ' 

613. We have thus stated the principal facts connected with 
this complicated phenomenon, and the causes to which they are 
generally attributed. And yet it is not certain that the philoso- 
phy of tides is to this day fully understood. La P/acc,' the great 
French mathematician and astronomer, pronounced it one of the 
most difficult problems in the whole range of celestial mechanics. 
It is probable that the atmosphere of our globe has its tides, as 
well as the waters ; but we have no means, as yet, for definitely 
ascertaining the fact 



CHAPTER XIV. 



THE SEASONS—DIFFERENT LENGTHS OF TOE DAYS ANP 

NIGHTS. 

614. The vicissitudes of the seasons, and the unequal lengths 
of the days and nights, are occasioned by the annual revolution 
of the Earth around the Sun, with its axis inclined to the plane 
of its orbit. The temperature of ftny part of the Earth's sur- 
face depends mainly, if not entirely, upon its exposure to the 
Sun's rays. 

INCLIITATION OF THE EARTB's AXIS TO THX PLAMB OF THK ICLIPTIO. 



PLANE OF Amh. THE ECLIPTIC 






615. Whenever the Sun is above the horizon of any pla6e, 
that place is receiving heat ; when the Sun is below the horizon 
it is parting with it, by a process which is called radiation. Tlie 
quantities of heat thus received and imparted in the couirse of 
the year, must balance each other at every place, or the eqiri- 

• r . I — V ■ 

mS. la it certain that this subject is even yet ireO understood ? Remark of Laplae^f 

^^4> . C!fi9*1^ ^i ^ seasons, and the unequal length of the days and ni|;ht8 ? Temperi^M|fC 

of the Korui r ' ^ 6ib. When does any place gain h«at, iand when loec f Upon what 4mc' 
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libriom of temperature would not be supported. Whenever toe 
Sun remains more tlian twelve hours above the horizon of any 
place, and less beneath, the general temperature of that place 
will be above the mean state ; when the reverse takes place, the 
temperature, for the same reason, will be below the mean state 
"Now, the continuance of the Sun above the horizon of any place, 
fepends entirely upon his declination, or altitude at noon. 

616. About the 20th of March, when the Sun is in the ve^ 
iial equinox, and consequently has no declination, he rises at six 
in the morning and sets at six in the evening ; the day and night 
are then equal, and as the Sun continues as long above our 
horizon as below it, his influence must be nearly the same at the 
same latitudes, in both hemispheres. 

From the 20th of March to the 21st of June, the days grow 
longer, and the nights shorter, in the northern hemisphere ; the 
temperature increases, and we pass from spring to midsummer ; 
while the reverse of this takes place in the southern hemisphere. 

From the 2 1st of June to the 23d of September, the days 
and nights again approach to equality, and the excess of tern- 
l^eraturc in the northern hemisphere abo^ e the mean state, grows 
less, as also its defect in the southern ; so that, when the Snn 
arrives at the autumnal equinox, the mean temperature is again 
restored. 

617. From the 23d of ^^^ «' ™" sbasomi. 
September until the 21st of ^^ 

December, our nights grow f^^ -. 

longer and the days shorter, ^" ^ut^al '***'... 

and the cold increases as yy\ epui-nox 

before it diminished, while / \^^^Y^ 

we pass from autumn to / \ i \ 

mid-winter, in the northern / ^mTc^ W^'JK so'tvncE /t^ 

hemisphere, and the inhabit- -.^^so'-st'" eCm-—---' «■* 

ants of the southern hemi- ^^oEcaa ^U^ ^ 

sphere from spring to mid- \ j \ / 

^^^^^T^' \ veJnal\ / 

From the 21st of Dec. \ tpui-Nox \ 

to the 20th of March, the \ mar<^ ^o \ --•* 

cola relaxes as the days grow '*• ^^.--•* 

longer, and we pass from 




the length of the days depend ? 616. How about the 20th of March ? From llareh 
20th to June 21 st f From June 21st to September 28d ? 617. From September 28d to 
buvsmbcr Slstr From December 91st to March 20th f Hrw with the teaioiu ia (k« 
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the dreariness of winter to the mildness of Jpring, when the 
seasons are completed, and the mean temperature is again 
restored. The same vicissitudes transpire, at the same time, in 
the southern hemisphere, but in a contrary order. Thus are 
produced the four seasons of the year. 

In the preceding cut, the Earth is shown in her orbit, with her axis inclined S83i* ; tho 
Worth Pole being towards the eye of the student. At A and B the Sun shines from pole 
to pole, and the days and nights are equal in both hemispheres. On the right, the North 
Pole is in the light, and we have summer in the northern hemisphere. On the left, the 
reverse is the case. And the gradual shortening or lengthening of the days, and tUo 
change of temperature, ar« produced by the passage of the Earth from one point to 
another, with her axis thus inclined. 

618. But I have stated not the only, nor, perhaps, the most 
efficient cause in producing the heat of summer and *the cold of 
winter. If, to the inhabitants of the equator, the Sun were to 
remain 16 hours below their horizon, and only 8 hours above it, 
for every day of the year, it is certain they woiild never expe- 
rience the rigors of our winter ; since it can bu demonstrated, 
that as much heat falls upon the same area from a vertical Sun 
in 8 hours, as would fall from him, at an angle of 60°, in 16 
hours. 

Now, as the Sun's rays fall most obliquely when the days are 
shortest, and most directly when the days are longestj these two 
causes — namely, the duration and intensity of the solar heat, 
together, produce the temperature of the different seasons. The 
reason why we have not the hottest temperature when the days 
are longest, and the coldest temperature when the days are 
shortest, but in each case about a month afterwards, appears to 
be, that a body once heated, does not grow cold instantaneously, 
but gradually, and so of the contrary. Hence, as long as more 
heat comes from the Sun by day than is lost by night, the heat 
will increase, and vice versd. 

BBanrama xm unroTH or ths SBASom. 

Sun enters 'O (Winter begins) 1849, December 21, 7 25 46 H. T. Wash. 
»» •• T (Spring ** ) 1860, March 80, 8 66 88 »• *♦ 
•» " o (Summer " ) " June 21, 6 8 9 *• *• 

" " ^ (Autumn « ) " Sept. 22, 19 68 21 •• •• 

*• " -O (Winter " ) " December 21, 18 21 6T 



u 



onthem hemisphere ? 618. Is the simple fact that a place is enlightened by ttte 
nAcient cause for its being warm? What circumstance determines the intensltiy <r 

900*8 raya f Why, then, is it not warmest during the longest days, and on tbt tOMtVg 

«oUeit durinf the shortest days t flow lonf will heat increaie t 
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Ban to the Winter Signs . . . . 89 1 80 53 

** '* Spring 92 SI 6 81 

•• ^ Summer 98 18 65 22 

** *« Autnmn 89 17 28 2i( 

** north of Equator (foring and Summer) 186 11 1 58 

•« south ** (Winter and Autumn) 178 18 54 18 



Longest north of the Iquator . . 7 16 7 85 
Length of the tropical year banning at ) 

tne winter solstiee 1849, and ending at V P65 5 56 11 

the winter solstice 1850. ) 

Mean or average length of the tropical year, 866 5 48 48 



619. The north pole of the Earth is donommated the elevated 
pole, because it is always abont 23^° above a perpendicular to 
the plane of the ecliptic, and the south pole is denominated the 
depressed pole, because it is about the same distance below such 
perpendicular. 

As the Sun cannot shine on more than one-half the Earth's surfSiMse at a time, It If 
plain, that when the Earth is moving through that portion of its orbit which lies a6oM 
the Sun, the elevated pole is in the dark. This requires six months, that is, until the 
Earth arrives at the equinox, when the elevated pole emerges into the light, and the 
depressed pole is turned away 'rom the Sun for the same period. Consequently, there 
are six months day and six months night, alternately, at the poles. 

620. When the Sun appears to us to be in one part of the 
ecliptic, the Earth, as seen from the Sun, appears in the point 
diametrically opposite. Thus, when the Sun appears in the ver- 
nal equinox at the first point of Aries, the Earth is actually in 
the opposite equinox at Libra. The days and nights are then 
equal all over the world. (See the cut, pages 288 and 292.) 

As the Sua appears to move up Arom the vernal equinox to the summer solstice, tb) 
Earth actually moves from the autumnal equinox down to the winter solstice. The days 
now lecgthen in the northern hemisphere, and shorten in the southern. The San is now 
over the north pole, where it is mid-day, and opposite the south pole, where it is midnight. 

As the Sun descends from the summer solstice towards the autumnal equinox, the Earth 
aseends from Uie winter solstice towards the vernal equinox. The summer days in the 
northern hemisphere having waxed shorter and shorter, now become again of equal 
length in both hemispheres. 

621. While the Sun apears to move from the autumnal eqoi- 
nox down to the winter solstice, the Earth passes up from the 
vernal equinox to the summer solstice ; the south pole comes 
into the light, the winter days continually shorten in the northern 
hemisphere, and the summer days as regularly increase in length 
in the southern hemisphere. 

While the Sun appears again to ascend from its winter solstice 
to the vernal equinox, the Earth descends from the Summer 
fiolatice to the autumnal equinox. The summer days now sborteo 

619. Which is the elefxUed pole, and why? The depressed, and why? Howaretht 
seasons produced? 620. How are the Earth and Sun situated in the ecliptic, wltk 
reference to each other ? What said of the Sun's apparent motion around Uie Mdiaef 
Ml. What further doscription of the Bun's apparent progress? 
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In the southern hemisphere, and the winter days lengthen in the 
northern hemisphere. 

622. When the Sun passes the yernal equinox, it rises to the 
arctic or elevated pole, and sets to the antarctic pole. When 
the Sun arrives at the summer solstice, it is noon at the north 
pole, and midnight at the south pole. When the Sun passes the 
autumnal equinox, it sets to the north pole, and rises to the 
south pole. When the Sun arrives at the winter solstice, it is 
midnight at the north pole, and noon at the south pole ; and 
when the Sun comes again to the vernal equinox, it closes the 
day at the south pole, and lights up the morning at the north 
pole. 

There would, therefore, be 186^ days during which the Sun 
would not set at the north pole, and an equal time during which 
he would not rise at the^ south pole ; and 178^ days in which he 
would not set at the south pole, nor rise at the north pole. 

623. At the arctic circle, 23° 27^' from the pole, the longest 
day is 24 hours, and goes on increasing as you approach the 
pole. In latitude 67^ 18' it is 30 days ; in lat. 69° 30' it is 60 
days, &c. The same takes place between the antarctic circle 
and the south pole, with the exception, that the day in the same 
latitude south is a little shorter, since the Sun is not so long 
south of the equator, as at the north of it. In this estimate no 
Account is taken of the refraction of the atmosphere, which, as 
we shall see hereafter, increases the length of the day, by mak- 
ing the Sun appear more elevated above the horizon than it 
really is. All these apparent motions of the Sun are due to the 
inclination of the Earth's axis (or the obliquity of the ecliptic), 
and her revolution around the Sun. 

The folIowiDff cut represents the inclination of the Earth's axis to its orbit in erery 
one of the tweire signs of the sodiac, and consequently for each month in the ^ear. 
It is such a view as a beholder would have, situated in the north pole of the ecUpUo, at 
some distance flrum it, and consequently, is a peri>endlcular view, the norUi pole of the 
Earth being towards us. The Sun enters the sign Aries^ or the vernal equinox, on the 
20th of March, when the Earth enters Libra^ and when her axis inclines neither t&wardM 
the Sun, nor from it, but stands exactly eidefcaya to it ; so that the Sun then shines 
equally upon the Earth from pole to pole, and Uie days and nights are everywhere equal. 
This is the beginning of the astronomical year ; it is also the beginning of day at the 
north pole, which is Just coming into light and Uie end of day at the south pole, which 
is just going into darlcness. 

By the Earth's orbitual progress, the Sun appears to enter the second sign, Taurtu^ 
on the 80th of April, when the north pole has sensibly advanced into the light, while the 
south pole has been declining from it ; whereby the days become longer Uian the nights 
In the northern hemisphere, and shorter in the southern. 

On the 2l8t of May, the Sun appears to enter the sign Oemini^ when the north polt 

002. now are the light and darlcness of the poles affected by the Sun's apparent motion f 
(M^ What said of the length of the days within the arctic circle f In latitude 07* IS' f 
In- latitude 69* 80' f How at the other pole? To what are theae varimis apoartnt 
OMJttons of the 8nn really due f 

B.G. 13 

p '. •■ . ■-••■•, . - . . , ■ .■ '^ U-. '.^^^ 
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Sat ftdranced considera- 
bly further Into the light, 
while the south pole has 
proportionally declined 
from it: the summer 
days are now waxing 
"vnger in the northern 
hemisphere, and the 
nights shorter. 

The 21st of June, when 
the Sun enters the sign 
Cancer^ is the first day 
of summer in tht astro- 
nomical year, and the 
longest day in the north- 
ern hemisphere. • The 
aorth pole now has its 
p'eatest inclination to 
the Sun, the light of 
which, as is shown by 
the boundary of light and 
darkness, in the figure, 
extends to the utmost 
verge of the ArcHe Oir- 
cle ; the whole of which 
is included in the enlight- 
ened hemisphere of the 
Earth, and ei^oys, at 
this season, constant day 
during the complete revo- 
lution of the Earth on its 
axis. The whole of the 
nation. 



PHILOSOPHT or TBM nMBOm,* 





•JiatKinnalMruuiox 
Oct. -^^ ^, 




jShmmer 
Selstue 




^ 



Northern Frigid Zone is now in the circle of perpetual niumh 



On the 23d of July, the Sun enters the sign Z«o, and as the line of the Earth's axis always 
continues parallel to itself, the boundary of light and darkness begins to approach nearer 
to the poles, and the length of the day in the northern hemisphere, which had arrived 
at its maximum, begins gradually to decrease. On the 2dd of August, Uie Sun enters th« 
sign Virgo^ increasing the appearances mentioned in Leo. 

On the 28d of September, the Sun enters Ubra^ the first of the autumnal signs, when 
ttie Earth's axis having the same inclination as it had in the opposite sign, ArieHy is 
turned neither /rom the Sun, nor totoards it, but obliquely to it, so that the Sun again 
now shines equally upon the whole of the Earth's surface from pole to pole. The days 
and nights are onoe more of equal length, throughout the World. 

On the 28d of October, the Sun enters the sign Scorpio ; the days visibly decrease 
in length in the northern hemisphere, and increase in the southern. 

On the 22d of Ndveraber the Sun enters the sign Sagittari'ua^ the last of the autumnal 
signs, at which time the boundary of light and darkness is at a considerable "distance 
fjrom the north pole, while the south pole has proportionally advanced into the light ; th« 
length ii the day continues to increase in the southern hemisphere, and to decrease in 
the nurthern. 

On the Slst of December, which is the period of the winter solstice, the Stin enters the 
sign Capricorn. At this time, the north pole of the Earth's axis is turned from the 
8nn, into perpetual darkness; while the south pole, in its turn, is brought into the light 
of the Sun, whereby the whole Aniarcttm region comes into the circle of perpetual illumi- 
nation. It is now that the southern hemisphere enjoys all those advantages with which 
the northern hemisphere was favored on the 2l8t of June ; while the northern hen^ 
sphere, in its turn, undergoes the dreariness of winter, with short days and long 
nighta* 



* This diagram and the accompanying explanations should be careftilly studied tiO 
'^ey are thoroughly understood by the learner. The cause of the seasons and of tht 
nb'.'oual lengths of the days and nights, is a matter of which no professedly educated 
person ought to be ignorant, or to entertain confused and indefinite notions. 9y all 
OMAns lei this point be studied till the student can tell the cause of every partlcolar |ihe* 
nomenon of the seasons and the length of the days, without any partlcahur iBtetr» 
fatfon. 
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624. By carefully observing the figure, it may be seen that 
the orbit of the Earth is slightly elliptical, that the Sun is to 
the left of the center, and that consequently, the Earth is nearer 
the Sun on the 21st of December, than on the opposite side of 
the ecliptic, on the 21st of June. This may seem strange to the 
learner, that we should have our winter when nearest the Sun, 
and our summer when most distant ; but it must be remembered 
that the temperature of any particular part of the Earth is 
not so much affected by the distance of the Sun, as by the direct- 
ness or obliquity of his rays. Hence, though we are farther 
from the Sun on the 21st of June than on the 21st of December, 
yet, as the north pole of the Earth is turned more directly into 
the light at that time, so that the Sun's rays strike her surface 
less obliquely than in December, we have a higher temperature 
at that period, though at a greater distance from the Sun. 

625. The difference, however, between the aphelion and peri- 
helion distances of the Earth is so slight, in comparison with the 
whole distance, as scarcely to cause a perceptible difference in the 
amount of light received at her respective positions. The eccen- 
tricity of the Earth's orbit, or the distance of the Sun from its 
center, is only about 1,618,000 miles, so that the variation is 
only 3,236,000 miles, or about one-thirtieth of the mean distance. 
The true orbit of the Earth could not be distinguished from a 
circle. 

The only effect of the eccentricity of the Earth's orbit upon her temperature is, that 
the has probably a greater degree of heat, during summer in the southern hemisphere, 
when the Earth is at her perihelion, than we ever have at the north in the same latt 
tude. But this difference must be very slight, if indeed it is at all perceptible. 



CHAPTER XV. 
THE HARVEST MOON AND HORIZONTAL MOON. 

626. Tee daily progress of the Moon in her orbit, from west tu 
east, causes her to rise, at a mean rate, 48 minutes and 44 
seconds later every day than on the preceding. But in places 

of considerable latitude, a remarkable deviation from this rule 

» ■ ^— — ^»— — — ^— p— ^^— ^i^— »—— — ^^^^— ^— ^— ^— ^1— ^j.— «i^^^— — »— «j^— ..^—1 ^»^j 

684. What said of the form of the Earth's orbit? Wheb are we nearest the Sunt 
Why is it not then the warmest in the United States? 625. What is the amount of th« 
Barth*8 Tariation in distance from the Sun ? What effect upon the light and heat of the 
Karth? 626. Sufctject of this chapter? Mean rate of the Moon's daily delay io risii.g 
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takes place, especially about the time of narvest, when the fall 
Mooa rises to us for several nights together, only from 18 to 25 
minutes later in one day, than on that immediately preceding. 
From, the benefit which her light aflfords, in lengthening out the 
day, when the husbandmen are gathering in the fruits of the 
Earth, the full Moon, under these circumstances, has Orcquired 
the name of Harv$it Moon, 

It it believed that this fact was observed by persons engaged in agriculture, at a much 
earlier period than that in which it was noticed by astronomers. The former ascribed it 
to the goodness of the Deity ; not doubting but that he had so ordered it for their adran- 

tSLgft. 

62T. About t.-e equator, the Moon rises throughout the year 
with nearly the equal intervals of 48f minutes ; and there the 
harvest Moon is unknown. At the polar circles, the autumnal 
full Moon, from her first to her third quarter, rises as the Sun 
sets ; and at the poles, where the Sun is absent during one-half 
of the year, the whiter full Moons, from the first to the third 
quarter, shine constantly without setting. 

By this, It is not meant that the Moon eotUinites full from her first to her third qoar 
ter ; but that she never sets to the North Polar regions, when, at this season of the year, 
she is within SH)* of that point in her orbit, where she is at her full. In other words, SM 
the Sun iUuo Jnes the south pole during one -half of its yearly revolution, so the Moon.- 
being oppomie to the Sun at her full, must illumine the opposUe pole^ during half of her 
revolution about the Earth. The phenomenon of the Harvest Moon may be thus exem- 
plified by means of the globe. 

Rectify the globe to the latitude of the place, put a patch or piece of wafer In the eclip- 
tic, on the point Aries, and mark every 12* preceding and following that point, to the 
number of ten or twelve marks on each side of it ; bring the equinoctial point marked by 
the wafer to the eastern edge of the horizon, and set the index to 12 ; turn the globe 
westwsid till the other marks successively come to the horixon, and observe the hours 
passed »ver by the index ; the intervals of time between the marks coming to the horiaon, 
will sh w the diurnal difference of time between the Moon*s rising. If these marks be 
Drought to the western edge of the horizon in the same manner, it will show the diurnal 
difference between the Moon*8 setting. 

From this problem it will also appear, that, when there is the least difference between 
the times of the Moon's rising^ there will be the greatest difference between the times of 
her setting^ and the contrary. 

The reason why you mark every 12* is, that the Moon gains 12* 11' on the apparent 
cours< *f the Sun every day, and these marks serve to denote the place of the Moon 
from day to day. It is true, this process supposes that the Moon revolves in ths plans 
qf the ecliptic^ which is not the case ; yet her orbit so nearly coincides with the ecliptio 
(differing only 5* 9' from it), that they may, for the convenience of illustration, be con- 
sidered as coincidhig; that is, we may take the eciiptic for the representative of the 
Moon's orbit. 

628. The different lengths of the lunar night, at different lati- 
tudes, is owing to the different angles made by the horizon and 
different parts of the Moon's orbit ; or, in other words, by the 

What remarkable deviation? What is the Moon then called, and why? How ancl«it|f 
was this phenomenon observed? To what attributed? 627. Is the Harvest Mom 
linown at the equator? How at the Polar circles? At the poles? Does she there exhi- 
bit her usual phases ? Can you illustrate the phenomenon of the Harvest Mooo bf ■ 
^obe I 62d. To wl at is the different lengths of the lunar nights attributable f 
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Moon's orbit lying sometimes more obliqae to the horizon than 
at others. 

In the latitude of London, for example, as much of the ecliptic rises ab'>at Pisces umI 
Aries in two hours as the Moon goes through in six days ; therefore, while the Moon is ic 
these signs, she differs but two hours in rising for six days together ; that is, one day 
with another, sho rises about 20 minutes later every day than on the preceding. 

629. The parts or signs of the ecliptic which rise with the 
smallest angles, set with the greatest ; and those which rise with 
the greatest, set with the least. And whenever this angle ia 
least, a greater portion of the ecliptic rises in eqnal times than 
when the angle is larger. Therefore, when the Moon is in those 
signs which rise or set with the smallest angles, she rises or sets 
with the least difference of time ; but when she is in those signs 
which rise or set with the greatest angles, she rises or s#ts with 
the greatest difference of time. 

Let the globe, for example, be rectified to the latitude of New Tork, 40* 42' 40^, with 
Cancer on th<i meridian, and Libra rising in the east. In this position, the ecliptic has a 
high elevation, making an angle with the horixon of 72^*. 

But let the globe be turned half round on its axis, till Capricorn comes to the meridian, 
and Aries risea in the east, then the ecliptic wUl have a low elevation above the hdricon, 
maa.ing an angle with it of only 253{i*. This angle is 47* less than the former angle, and 
iB equal to the duttance between the tropics. 

630. In northern latitudes, the smallest angle made by the 
ecliptic and horizon is when Aries rises ; at which time Libra 
sets ; the greatest is, when Libra ijies and Aries setb. The eclip- 
tic rises fastest about Aries, and slowest about Libra. Though 
Pisces and Aries make an angle of only 25^° with the horizon 
when they rise^ to those who live in the latitude of New York, 
yet the same signs, when they set^ make an angle of 12^°. The 
daily difference of the Moon's rising, when in these signs, is, in 
New England, about 22 minutes ; but when she is in the oppo- 
site signs, Virgo and Libra, the daily difference of her rising is 
almost four times as great, being about one hour and a quarter 

631. As the Moon can never be full but when she is opposite 
to the Sun, and the Sun is never in Virgo or Libra except in 
our autumnal months, September and October, it is evident that 
the Moon is never full in the opposite signs, Pisces and Aries, 
except in those two months. We can, therefore, have only two 
full Moons in a year, which rise, for a week together, very near 
the time of sunset. The former of these is called the Harvest 
MooUf and the latter, the Hunter's Moon, 

029. What said of the angles under which the signs rise and set f What result foUowa 
M to thne of the Moon*s rising and setting? How illustrate by globe ? 680. When ia 
the angle smallest in northern latitudes? When greatest? What difference of an^e M 
Ihe rising and setting of Pisces? Daily difference of the Moon*s rising? When in PfKM 
and Aries? What when in Virgo and Libra? 681. Why have we not mor« than oo' 
iiarwstf and one EunUr^t Moon in a year? 
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632. Although there can be but two f'uXi Moons in the year 
that rise with no little variation of time, yet the phenomenon 
of the Moon's rising for a week together so nearly at the same 
Ume, occars every month, in some part of her coarse or the 
other. 

In WinUTf the signs Pisces and Aries rise a&out noon ; hence the rising of the Moon 
Is not then ciegarded nor perceived. 

In Sprinffj these signs riM toUh the Sun, because he is then in them; and as the Moon 
elunges while {Missing tlurough {he same sign with the Son, it most then be the change^ 
and hence invisible. 

In Summer^ they rise about midnight, when the Moon, is in her third quarter. Od 
account of her rising so late, and giving but little light, her rising passes unoteerved. 

633. To the inhabitants at the equator, the north and south 
poles appear in the horizon, and therefore the ecliptic makes the 
same angle southward with the horizon when Aries rises, as it 
does northward when Libra rises ; consequently tha Moon rif»^.8 
and sets not only with angles nearly equal, but at equal intervfls 
of time, all the year round ; hence, there is no harvest Moon <it 
the equator. The farther any place is from the equator, if it be 
not beyond the polar circles, the angle which the ecliptic makes 
with the horizon gradually diminishes when Pisces and Aries rise. 

634. Although, in northern latitudes, the autumnal full Moons 
are in Pisces and Aries ; yet in southern latitudes it is just the 
reverse, because the seasons f.re so : — ^for Virgo and Libra rise 
at as small angles with the horizon in southern latitudes as Pisces 
and Aries do in the northern ; and therefore the harvest Moons 
are just as regular on one side of the equator as on the other. 

At the polar circles, the foil Moon neither rises in summer, nor sets in winter. For the 
winter fuU Moon being as high in the ecliptic as the summer Sun, she must continue while 
passing through the northern signs, above the horison ; and ttie summer full Moon, being 
as low in the ecliptic as the winter Sun, can no more rise, when passing through the 
southern signs, than he does. 

635. The great apparent magnitude of the Moon, and indeed 
of the Sun, at rising and setting, is a phenomenon which has 
greatly embarrassed almost all who have endeavored to account 
for it. According to the ordinary laws of vision, they should 
appear to be least when nearest the horizon, being then farthest 
from the eye ; and yet the reverse of this is found to be true. 
The apparent diameter of the Moon, when viewed in the horizon 
by the naked eye, is two or three times larger than when at the 
altitude of thirty or forty degrees ; and yet when measured by 
an instrument her diameter is not sensiblv increased. 



68S. Does not the Moon rlio with little variation for several nights In ■nocewioii, 
erery month? Why not always perceived? <{88. Why is there no Hanff^ Moon at 
Um equator ? 684. What said of these lunar phenomena in the Southern .v?mi8pheref 
n^ What said of the apparent diameter of the Moon in the horiionf xlow whe« 
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Both the Sun and the Moon really subtend a greater angle when on the meridian, than 
Ihey do in the borison ; because they are then actually nearer the place of the spectator 
by the whole semUdiameter of the Earth ; and one reason why tliey appear largest in 
the horison is, that they are then compared with terrestrial otgects, with whose magni* 
lude we are aoqaainted. 

This apparent increase of magnitude in the horisontal Moon, is chiefly an optical illa- 
«-ion, produced by the concavity of the heavens appearing to the eye to be a less-portion 
of a spherical surface than a hemisphere. The eye is accustomed to estimate the dis> 
tance between any two objects in the heavens by the quantity of sicy that appears to lie 
between them; as upon the Earth we estimate it by the quantity of ground ttat lies 
between them. Now when the Suu or Moon is just emerging above the eastern horist n, 
or sinking beneath the western, the diatcmoe of the intervening landscape over which 
they are seen, contributes, together with the refraction of the atmosphere, to exaggerate 
our estimate of their real magnitudes. 

THE HORIZONTAL MOON. 

636. Both the Sun and Moon are sometimes seen to be drnk 
gated horizontalli/f when near the horizon. This is often the case 
when the atmosphere is very dense. The cause of this pheno- 
menon is this : AH celestial bodies in the horizon are more or 
iess elevated by atmospherical refraction (See page 300) ; and 
the amoufU of this apparent elevation depends somewhat upon 
the density of the atmosphere as well as upon the altitude of the 
object. When, therefore, the Sun or Moon are near the horizon, 
and viewed through a dense atmosphere, the refraction is great- 
est ; and as their lower limb is seen through a denser stratum of 
atmosphere than their upper limb, its apparent elevation is 
greater, and the object seems to he JkUteried, while its horizontal 
diameter is not sensibly diminished. 

Ttik i^enomenon and its cause may be easily illustrated by a diagram. 



CHAPTER XYI. 

REFRACTION AND TWILIGHT. 

637. The rays of light, in passing out of one medium into 
another of a greater density, deviate from a straight course, and 
are bent towards a perpendicular to that course ; and if the 
density of the latter medium continually increase, the rays of 

nemsnred f When do they subtend the greater amrle f Why an>ear largest when in 
the horison f What other explanation given? 689. What is meant by a JBorleontal 
Moon ? The cause of this phenomenon f 6S7. What is meant by the r^'oeUon 9I 
\ilfikif What principles govern it? 
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light ill pasung through it, will deviate more and more fr<HB i 
right line as the^ pass downwards, or towards the eye of zb» 
obsorrer. 

638. As air and water are both transparent, bnt of different 
densities, it follows that, when light passes obliquely from one 
to the other, it will be 
refracted. If it pass 
from the air into the 
water, it will be refract- 
ed towards a pcrpendicur 




639. When light passes 
obliquely from a denser 
to a rarer mcdinm, as 
from water into air, it Is 
refracted from a perpen- 
dicular towards a horizon- 



<h«tle»ve Ihe w«Wr oblii|ue(r jre reftKteil to 

640. la consequence of the refraction of light towards a hori- 
zontal direction, in passing from water into air, a pole, half of 
which is iu the water, seems bent at the surface, and the lower 
end seems nearer the surface than it really is. For the same 
reason, the bottom of a river seems higher, if seen obliquely, than 
it really is ; and the water is always deeper than we judge it 
to be. 

MB. Bov rernclKl tnt air and *ilar r (Sg. Ho> when Uriit puM* tnm tmatr H 



iwrtlrui to Uh 
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In this eat, the oar, the blade of Mrrmcr or rkfractio*. 

!^Uch is in the water, seems bent at the ' 

iortace of the water. The rays of light B . 

fNtssing from the part ander water to 
the surface at D, are refracted toward 
a horisontal direction at that point, 
and received into the eye of the ob- 
server at B, who, judging of the posi- 
tion of the immersed portion of the oar 
from the direction of the rays D B, 
locates the blade of the oar at ; thus 
reversing the effect illustrated at 
188. 

641. The refracting power of different transparent substances 
depends mainly upon their density. Water refracts more than 
air, glass more than water, and diamond most of all. Bat the 
angle of incidence, or the obliquity of the contact of the rays 
with the denser substance^ has also much to do in determining 
the amount of refraction. 




mwct or RBnucTioM 



642. By the aid of refraction, 
we may see objects that are 
actually behind an opaque or 
intransparent body. 

Here the piece of money at A, at the 
bottom of the cup, would be invisible to 
the behoiuot ^* B, if the cup was empty, 
as the light from the money would pass 
from A to 0; but when the eup is filled 
with water, the light is refracted to B, and 
the beholder sees the money apparently 
atD. 

643. By the 
law of refrac- 
tion, light has 
been fonnd to 
consist of a com- 
bination of co- 
lors. By pass- 
ing a beam of ™i^-: 
light through a Blue..:.; 
triangular piece yIuq!^.* 
of flint glass 
called a prisma 

it is seen that yniiu...lf^ 
some parts of 




BBTKACTIOH BT A PRim. 
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641. Upoc what does the refracting power of different transparent media depoad? 
MSI What other effect of refraction? 848. What discovery by refraotlenf llov 
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the liglit tire more refrangible than others, so that the light ia 
analyzed, or separated into its component parts or elemeutB, 

Letknr*']lchl rram the Son be idmlttfd Ihrouih ibole in the wlsdov ■hutto', i, 

gUii priun, C, ■Dd the Ughl, in piutiric througli it, nUl nr>t oclj In nrracted In Iha nnn 
direellan, both irhen tt eaten the ivluu ud when It ItsTU It. but ths nnril nn •■ 
■Moh abite uitat li corapoied win be lepirftted, and wUl srnaje In regulur grder oa the 
•crsen, immedlKlel)' ibDve Ibe imice B, which nil] dli&ppeir. The liolel lar, II <M1[ be 
■een, !■ moil reTrKtcd, BDd the re^Uul; Iho whole forming on lb a mle u etoncsled 
lmig:e of the Sun, ealkd the toiar ^ectrvm^ — JiJmfUHt. 

644. It is the refraction of the douds that gives the sky its 
beautiful colors morning and erening ; and the refracting power 
of the rain-drops prodaces the beaatifal phenomenon of the rain- 
bow. 

ATUOaFHERICAL REFRACTION. 

645. The refracting power of the atmosphere prodacea many 
carious phenomena. Sometimes sliips are seen bottom npwards 
in tiie air, single or donble. At other times, objects really belu* 
the horizon, as ships or islands, seem to rise up, and to come dis- 
tinctly in view. 

646. A very important eCTect of refraction, as it relates to 
astronomy, is, that it more or less affects the apparent piacfs of 
all the heavenly bodies. As the light coming from them strikes 
the atmosphere obliqnely, and passes downward through it, it is 
refracted or bent towward the Earth, or toward a perpendicular. 
And aa we judge of the position of the object f»y the direction 
of the ray when it enters the eye, we place objects higher in the 
heavens than they really are. 
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(Ion whcUy ceases. The dark lines in the cut show the true, and the dotted the apparent 
ooeitiona. 
In the cut, the depth of the atmosphere, as compared with the globe, is greatly exag- 

iterated. Even allowing it to be 50 miles deep, it is only j'^th of the semi-diameter of th« 
i^iobe, which is equal to only abouty^th of an inch upon a common 18-inch globe. Bat 
\4 was necesary to exaggerate, in order to illustrate the principle. 

647. The amount of displacement of objects in the horizon, 
hj atmospherical refraction, is about 33', or a little more than 
.he greatest apparent diameter of either the Sun or Moon, h 
lOllows, therefore, that when we see the lower edge of either 
apparevi!y resting on the horizon, .its whole disc is in reality below 
it ; and would be entirely concealed by the convexity of the 
Earth, were it not for refraction. 

648. Another effect of refraction is, that the Sun seems to 
rise about three minutes earlier, and to set about three minutes 
later, 6n account of atmospherical refraction, than it otherwise 
would ; thus adding about six minutes, on an average, to the 
length of each day. 

The atmosphere is said to be so dense about the North Pole as to bring the Sun above 
the horison some days before he should appear, according to calculation. In 1596, some 
Dutch navigators, who wintered at Nova Zembia, in latitude 76*, found that the Sun began 
to be visible 17 days before it should have appeared by calculation ; and Kepler computes 
that the atmospheric refraction must have amoimted to 5°, or 10 times as much as with us. 

649. The twUigkt of morning and evening is produced partly 
^ by refraction, but mainly by reflection. In the morning, when 

the Sun arrives within 18° of the horizon, his rays pass over 
our heads into the higher region of the atmosphere, and are 
thence reflected down to the Earth. The day is then said to 
be dawn, and tnc light gradually increases till sunrise. In the 
evening, this process is reversed, and the twilight lingers till the 
Sun is 18° below the horizon. There is thus more than an hour 
of twilight both morning and evening. 

In the arctic regions, the Sun is never more than 18* below the horison ; so that the 
twilight continues during the whole night. 

650. In making astronomical observations, for the purposes 
of navigation, &c., allowance has to be made for refraction, 
according to the altitude of the object, and the state of the 
atmosphere. For this pirpose tables are constructed, showing 
the amount of refraction :'or every degree of altitude, from the 
horizon to the zenith. 

647. Amount of displacement of celestial ol^ects by refiractionf What followif 
948. Influence of refraction on length of days f How aboot the North Pole ! 648. OaoM 
of ttfUigJU f 650. What i^lowance for refiraction t Tables f 
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CHAPTER XVII. 
AURORA BOREALIS AND PARALLAX. 

651. The sabllme and beautiful phenomena presented by the 
Aurora BorealiSj or northtrn lights^ as they are called, have been 
in all ages a soarce of admiration and wonder alike to the pea- 
sant and the philosopher. In the regions of the north (and 
indeed in many other places) they are regarded by the ignorant 
with superstitious dread, as harbingers of evil ; while all agree 
in placing them among the unexplained wonders of nature. 

These lights, or meteoric coruscations, are more brilliant in the arctic regions, appear- 
ing mostly in the winter season and in frosty weather. They commonly appear at twi< 
Mght near the horison, and sometimes continue in that state for several hours without 
any sensible motion ; after which they send forth streams of stronger light, shooting 
with great velocity up to the senith, emulating, not unfrequently, the lightning in vivid' 
ness, and the rainbow in coloring ; and again, silently rising in a compact majestic arch 
of steady white light, apparently durable and immovable, and yet so evanescent, that 
while the beholder looks upon it, it is gone. 

At other times they cover the whole hemisphere with their flickering and fantastic 
coruscations. On these occasions their motions are amazing^ quick, and ttiey astonish 
the spectator with rapid changes of form. They break out in places where none were 
seen before, skimming briskly along the heavens ; then they are suddenly extinguished, 
leaving behind an uniform dusky track, which, again, is brilliantly illuminated in the same 
manner, and as suddenly left a dull blank. Some nights they assume the appearance of 
vast columns ; exhibiting on one side tints of the deepest yellow, and on the other, 
melting away until they become undistinguishable from the surrounding sky. They 
have generally a strong tremulous motion from end to end, which continues till the whole 
vanishes. 

652. Mawpertitbs relates, that in Lapland, " the sky was 
sometimes tinged with so deep a red that the constellation Orion 
looked as though it were dipped in blood, and that the people 
fancied they saw armies engaged, fiery chariots, and a thousand 
prodigies." Grnelin relates, that, "in Siberia, on the confines 
of the icy sea, the spectral forms appear like rushing armies : 
and that the hissing, crackling noises of those aerial fireworks 
so terrify the dogs and the hunters, that they fall prostrate on 
the ground, and will not move while the raging host is passing.' 

KergtLclen describes " the night between Iceland and the Ferro 
Island^, as brilliant as the day" — the heavens being on fire with 
flames of red and white light, changing to columns and arches, 
and at length confounded in a brilliant chaos of cones, pyramids, 
radii, sheaves, arrows, and globes of fire. 

653. But the evidence of Captain Parry is of more valne 

661. What said of the Aurora BoreaUat How regarded by the ignorant? Whu* 
Miost brilliant r In what weather? Describe! 662. Observations of JfaiiMrtttA 
€hmdim^ and K^rgtuim t 658. Observations of Oc^. Parry f 
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than that of the earlier travelers, as he examinea the phenomena 
under the most favorable circumstances, during a period of 
twenty-seven consecutive months, and because his observations 
are uninfluenced by imagination. He speaks of the shifting 
figures, the spires and pyramids, the majestic arches, and the 
sparkling bands and stars which appeared within the arctic cir- 
cle, as surpassing his powers of description. They are, indeed, 
sufficient to enlist the superstitious feelings of any people not 
fortified by religion and piulosophy. 

664. The colors of the polar lights are of various tints. The 
rays or heams are steel grey, yellowish grey, pea green, celandine 
green, gold yellow, violet blue, purple, sometimes ro»^e red, crim- 
son red, blood red, greenish red, orange red, and lake red. The 
arches are sometimes nearly black, passing into violet blue, grey, 
gold yellow, or white bounded by an edge of yellow. The hister 
of these lights varies in kind as well as intensity. Sometimes it 
is pearly,, sometimes imperfectly vitreous, sometimes tnetallic. 
Its degree of intensity varies from a very faint radiance to a 
light nearly equaling that of the Moon. 

655. Many theories have been proposed to account for this 
wonderful phenomenon, but there seems to be none which is 
entirely satisfactory. One of the first conjectures on record 
attributes it to inflammable vapors ascending from the Earth 
into the polar atmosphere, and there ignited by electricity. Dr. 
Halley objects to this hypothesis, that the cause is inadequate 
to produce the effect. He was of opinion that the poles of the 
Earth were in some way connected with the aurora ; that the 
Earth was hollow, having within it a magnetic sphere, and that 
the magnetic effluvia, in passing from the north to the south, 
might become visible in the northern hemisphere. 

656. That the aurora borealis is, to some extent, a magnetical 
phenomenon, is thought, even by others, to be pretty clearly 
established by the following considerations : 

(1.) It has been observed, that when the aurora appears near 
the northern horizon in the form of an arch, the middle of it is 
not in the direction of the true north, but in that of the mag 
netic needle at the place of observation ; and that when the 
arch riscF towards the zenith, it constantly crosses the heavem> 
at right angles, not to the true magnetic meridian. 



8M. What said of the edlortt Ac, pf these polajr lights f 6^5. Is there a sa 
explanation of these phenomena ? What cozyecture ? Dr. Halley's objection f 
■infrnlar opinion! 656. What evidences that the Aurora BorealU is of 



satisfactor} 
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■infrolar opinion ! 656. What evidences that the Aurora £orealit is of magnetb 
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(2.) When the beams of the aurora shoot np so as to past 
whe zenith, which is sometimes the ease, the point of their con- 
vergcnee is in the direction of the prolongation of the dipping 
needle at the place of observation. 

(3.) It has also been observed, that daring the appearance of 
an active and brilliant aurora, the magnetic needle often becomes 
restless, varies sometimes several degrees, and does not resume 
its former position until after several hours. 

From these facts, It has been generally inferred that the aurora is In some way con- 
nected with the magnetium of the Earth ; and that the simultaneous appearance %J the 
meteor, and the disturbance of the needle, are either related as cause and effect, or as 
the coTnmon reaiUt of some more general and unknown cause. 

657. Dr. Young, in his lectures, is very certain that the phe 
nomenon in question is intimately connected with electro-mag- 
netism, and ascribes the light of the aurora to the illaminat^ 
agency of electricity upon the magnetical substance. 

It may be remarked, in support of the electro-magnetic theory, that in magnetism, the 
agency of electricity is now clearly established, and it can hardly be doubted that the 
phenomena both of electricity and magnetism are produced by one and the same cause ; 
inasmuch as magnetism may be induced by electricity, and the tiectric spark has been 
drawn from the magnet. 

658. Sir John Herschel also attributes the appearance of the 
aurora to the agency of electricity. This wonderful agency, says 
he, which we see in intense activity in lightning, and in a feebler 
and more diffused form traversing the upper regions of the 
atmosphere in the northern lights, is present, probably, in 
immense abundance in every form of matter which surrounds us, 
but becomes sensible, only when disturbed by excitements of 
peculiar kinds. 

PARALLAX OF THE HEAVENLY BODIES. 

659. Parallax is the difference between the altitude of any 
celestial object seen from the Earth's surface, and the altitude 
of the same object seen at the same time from the Earth's cen- 
ter ; or it is the angle under which the semi-diameter of the 
"Sarth would appear, as seen from the object. 

The true place of a celestial body is that point of the heavens 
In which it would be seen by an eye placed at the center of the 
Earth. The apparent place is that point of the heavens where 
the body is seen from the surface of the Earth. The parallax 

657. Dr. Toung's opinion? What remark in support of bis views f <t58. Sir John 
Herscbel's opinion f 659. Parallax! True place of a celestial bodyf ApiwreBt? 
When parallax greatest ! Least ! Galled what, and why ? What otjecti the 
^raUaxf 
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of a heavenly body is greatest when in the horizon, and is 
thence called the horizontal parallax. Parallax decreases as the 
body ascends towards the zenith, at which place it is nothing. 

The adjoining cut will afford a sufficient illustration. 
When the observer, standing upon the Earth at A, parallax of thb plahzts. 

Tiews the object at B, it appears to be at C, when, a. 
the same time, if viewed from the center of the Earth, ■„ 
it would appear to be at D. The parallax is the angle 
B C D or A B E, which is the difference between the 
altitude of the ofeject B, when seen firom the £arih*s 
surface, and when seen from her center. It is also 
the angle under which the nemi-diameter of the Earth, 
A E, is seen from the objeo< B. 

As the ol:]aect advances from the horizon to the 
zenith, the parallax is seen gradually to diminish, till 
at F it has no parallax, or its apparent and true place 
are the same. 

This diagram will also show why objects nearest 
the Earth have the greatest parallax, and those most /^^?5^5-<---— ^ "r *• 

distant the least; why the Moon, the nearest of all Huumm " ^ ^JD 

the heavenly bodies, has the greatest parallax ; while \^W) - C 

the fixed stars, from their immense distance, have no 70^^^ 

appreciably horixontal parallax — ^the semi-diameter 

of the E^rth, at such a distance, being no more than a point. 

660. As the efifect of parallax on a heavenly body is to depress 
it hdow its true place, it must necessarily affect its right ascen- 
sion and declination, its latitude and longitude. On this account, 
the parallax of the Sun and Moon must be added to their 
appareTvt altitude, in order to obtain their triie altitude. 

The true altitude of the Sun and Moon, except when in the zenith, is always affected, 
more or less, both by parallax and refraction, but always in a contrary manner. Hence 
the mariner, in finding the latitude at sea, always adds the parallax, and subtracts tlie 
refraction, to and from the Sun*s observed altitude, in order to obtain the true altitude, 
and thence the latitude. 

661. The principles of parallax are of great importance to 
astronomy, as they enable us to determine the distances of the 
heavenly bodies from the Earth, the magnitudes of the planets 
and the dimensions of their orbits. 

The Sun's horizontal parallax being accurately known, the 
Earth's distance from the Sun becomes known ; and the Earth's 
distance from the Sun being known, that of all the planets may 
be. known also, because we know the exact periods of their 
sidereal revolutions, and, according to the third law of Kepler, 
the squares of the times of their revolutions are proportional to 
the cubes of their mean distances. Hence, the first great 
desideratum in astronomy, where measure and magnitude are 
concerned, is the determination of the true parallax. 

By means of obsenrattons of the tranilt of Venus, In 1769, the Sun^s horizontal paral* 

660. Effect of parallax? How obtain true altitude? How differ from refraction f 
How then obtain true altitude ? 661. Use of parallax ? How employed ? Note ? 
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Ux WMB Bettled at 8'^6TT0, aooording to vhteh the mean distanee of the San firom tibt 
Earth vas thought to be about 95,000,000 of miles. Careftal obeerrations and calenko 
tions of reeent date agree in proving that the trae parallax is somevhat larger than this; 
and, hence, that the Sun^s distaDce is not so great as abore stated, Hansen, by lunar 
observations, has fixed the parallax at 8^^916 ; Winnecke and Stone, by determining tiie 
parallax of Mars in opposition, have found it to be 8''.964 and 6''.98 re^Mctivdy ; Fon- 
eault, by experiments on the velocity of light, has fixed it at 9^M ; and Leverrier, from 
observations on Mars, Venus, and the Moon, at 8^^060. The approximation to agreement 
in M these determinations shows that they cannot be far from the truth ; and for the 
present It will be safe to assume the average of them (8'''.944) as correct. This will make 
the Sun*s mean distance 91,500,000 miles, nearly ; and, of course, the distanoes and dia- 
meters of the other heavenly bodies have all been somewhat reduced to agree with this 
fundamental fact. After the observations to be made in 1876, of the transit of Venus, 
to occur In that year, this determination of the solar parallax will be again reriewed, 
and, if necessary, corrected. 

TABLE or THX BXTH^B PASALLAX AT DOTKBKNT ALTITinna. 



Sun's Mt, 


Parallax, 


Sun's AU. 

• 


ParaUax. 


SutCt AU. 


ParaUax, 


0' 

20* 
SO- 


8".944 
8''.80S 
8".405 
7".T46 


40- 
45- 
60- 
66' 


6".852 
6".325 
6'.742 

JKMao 


70* 
80* 
90- 


4".47a 
8".059 
1".858 
C'.OOO 



662. The change in the apparent position of the fixed stars, 
caused by the change of the Earth's place in her revolatioA 
around the Sun, is called their annual parallax. So immense 
is their distance, that the semi-annual variation of 183,000,000 
of miles in the Earth's distance, from all those stars that lie in 
the plane of her orbit, makes no perceptible diflference in their 
apparent magnitude or brightness. 

The foUowfasg cut will Ulostrate our meaning: 






.?.. 
,>^i. 



••«W^M«« 



A 



B 



l«et A represent a fixed star in the plane of the Earth's orbit, B. At 0, the Barth In 
183,000,000 of miles nearer the star than it will be at D six months afterward ; and yet 
this semi-annual variation of 133,000,000 miles In the distance of the star Is so small s 
fraction of the whole distance to it, as neither to increase or diminish its apparent 
brightness. 

663. It is only those stars that are situated near the axis of 
the Earth's orbit whose parallax can be measured at all, on 



MS. What meant by Earth's annual paraUaaat Effect of variation of Barth*i dli' 
on the fixed stars? Diagram. 668. What stars have perceptible paraUast 
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account of its almost imperceptible quantity. 
So distant are they, that the yariation of 
183,000,000 miles in the Earth's plac^ 
causes an apparent change of less than 1 '' in 
the nearest and most favorably situated 
fixed star. 

Let A represent the Earth on the Ist of January, and B a 
etar observed at that time. Of coarse, its apparent place in 
the more distant heavens will be at C. But in six months the 
Earth will be at D, and the star B will appear to be at E. 
The an£^e A B D or B E will constitute the parallactic angle. 
In the cut, this angle amouc'^ to about. AS", whereas the real 
imrallaz of the stars is less than i;^th of one degree, or 
rrr^TTsth part of this amount. Lines approaching each other 
thus slowly would appear parallel ; and the Earthed orbit, if 
filled with a globe of fire, and viewed from the fixed stars, 
would appear but a point of light V^ in diameter 1 For a 
splendid diagram illnstratire of the annual paraUaz of the 
stars, see Map I., of the Atlas. 

ABERRATION OF LIGHT. 

664. In the year 1125, Mr. Molyneux and Dr. Bradley fixed 
ap a very accurate and costly instrument, in order to discover 
whether the fixed stars had any sensible parallax, while the Earth 
moved fronj one extremity of its orbit to the other ; or which 
is the same, to determine whether the nearest fixed stars are 
situated at such an immense distance from the Earth, that any 
star which is seen this night, directly north of us, will, six 
months hence, when we shall have gone 183,000,000 of miles to 
the eastward of the place we are now in, be then seen exactly 
north of us still, without changing its position so much as the 
thickness of a spider's web. 

665. These observations were subsequently repeated, with but 
little intermission, for twenty years, by the most acute observers 
in Europe, and with telescopes varying from 12 feet to 36 feet 
in length. In the mean time. Dr. Bradley had the honor of 
announcing to the world the very nice discovery made while 
endeavoring to ascertain the parallax of the fixed stars, that 
the motion of light, combined with the progressive motion of the 
Earth in its orbit , causes the heavenly bodies to be seen in a differ* 
ent position from what they would be, if the eye were at rest. Thus 
was established the principle of the Aberration of Light. 

666. This principle, or law, now that it is ascertained, seems 

Amount t Diagram, and explanation. 664. What experiment by Molyneux ana 
Bradley t With what results ? 666. What further observations for the same purpose If 
What discovery made while investigating the sut^ect of parallax ? What is the <ibmm' 
tUm q^ light f 660 What remarks upon the pHnoiph or law of observation ? He w la 
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not only very plain, bnt self-evident. For if light be prograg- 
slve, the position of the telescope, in order to receive the ray, 
must be different from what it would have been if light had 
been instantaneous, or if the Earth stood still. Hence the place 
to which the telescope is directed will be different from the true 
place of the object. 

The quantity of this aberration is determined by a simple 
proposition. The Earth describes 59' 8" of her orbit in a day 
= 3548", and a ray of light comes from the Sun to ns in 8' 11" 
= 497" : now 24 hours or 80400" : 497 : : 3548 : 20" 4 ; which 
is the change in the star's place, arising from the cause above 
mentioned. 



CHAPTER XVIII. 



PRAOTIOAL ASTRONOMY— REFLECTION AND REFRAC- 
TION OF LIGHT. 

661. Practical Astronomy has respect to the means employed 
for the acquisition of astronomical knowledge. It includes the 
properties of light, the structure and use of instruments, and 
the processes of mathematical calculation. 

In the present treatise, nothing further will be attempted than a mere introdaethm tc 
practical astronomy. In a work designed for popular use, mathematical demonstratioiia 
would be out of place. Still, every student in astronomy should know bow telescopes arc 
made, upon what laws they depend for their power, and how they are used. It is forthil 
purpose mainly that we add the following chapters on practical astronomy. 

PROPERTIES OP LIGHT. 

668. Light is that invisible ethereal substance by which we 
are apprised of the existence, forms, and colors of material 
objects, through the medium of the visual organs. To this sob- 
tile fluid we are especially indebted for our knowledge of those 
distant worlds that are the principal subjects of astronomical 
Inquiry. 

669. The term light is used in two different senses. It may 
signify either light itself, or the degree of light by which we are 
enabled to see objects distinctly. In this last sense, we pnt light 

ihe quantity of aberration determined? 66T. Subject of Chapter XVIIL? What if 
^acUcal astronomy t How far discussed In this treatise? 668. Define Usiit. for 
what indebted to it? 668. Different senses In which the term is used? What li 
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in opposition to darkness. But it should be borne in mind, that 
darkness is merely the absence of that degree of light which is 
necessary to human vision ; and when it is dark to us, it may be 
light to many of the lower animals. Indeed, there is more or 
less light, even in the darkest night, and in the deepest dungeon. 

** Those unfortunate individuals," says Dr. Diclc, ** who have been confined in the darlc- 
est dungeons, have declared, that though, on their first entrance, no ol:uect could be per- 
ceived, perhaps for a day or two, yet, in the course of time, as the pupils of their eyee 
expanued, they could readily perceive rats, mice, and other animals that infested theil 
cells, and likewise the walls of their apartments ; which shows that, even in such situao 
tions, light is present, and produces a certain degree of influence." 

670. Of the nature of the substance we call light, two theo 
ries have been advanced. The first is, that the whole sphere of 
the universe is filled with a subtile fluid, which receives from 
luminous bodies an agitation ; so that, by its continued vibra- 
tory motion, we are ena"bled to perceive luminous bodies. This 
was the opinion of Descartes, Euler, Huygens, and Franklin. 

The second theory is, that light consists of particles thrown 
off from luminous bodies, and actually proceeding through space. 
This is the doctrine of Newton, and of the British philosophers 
generally. 

Without attempting to decide, in this place, upon the relative merits of these two hypo- 
theses, we shall use those terms, for convenience sake, that indicate the actual passage 
of light from one body to another. 

611. Light proceeds from luminous bodies in straight lines, 
and in all directions. It will not wind its way through a crooked 
passage, like sound ; neither is it confined to a part of the cir- 
cumference around it. 

As the Sun may be seen from every point in the solar system, and far hence Into space 
*n every direction, even till he appears but a faint and glimmering star, it is evident that 
he fills every part of this vast space with his beams. And the same might be said of 
every star in the firmament. 

612. As vision depends not upon the existence of light merely, 
but requires a certain degree of light to emanate from the object, 
and to enter the pupil of the eye, it is obvious that if we can, 
by any means, concentrate the light, so that more may enter tho 
eye, it will improve our perception of visible objects, and even 
enable us to see objects otherwise wholly invisible. 

Some animals have the power of adapting their eyes to the existing degree of light. 
The cat, horse, Ac, can see day or night ; while the owl, that sees well in the night, sees 
poorly in the day-time. 

673. Light may be turned out of its course either by reflection 

darlCjess? Can it be dark and light at the same time? Is there any place withoat 
light? Quotation fiom Dr. Dick? 670. What theories of the nature of light, and by 
qrhom supported respectively? Remark of author? 671. How light proceeds from 
■wainous bodies? Radiations from Sun and stars? 672. How improve visifWi and 
vlqr 'i Animals ? 678. How is light turned out of its course ? 
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or rtfraciton. It is reJUcted when it falls upon the highly polished 
enrface of metals and other intranspareut substances ; and 
refracted when it passes through transparent substances of diffe- 
rent densities, as already illustrated in Chapter XYI. . 



LENSES OF OIFFKKBNT fOI 
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REFRACTION BT GLASS LENSES. 

674. A lens is a piece of glass, or other transparent substance, 
of such a form as to collect or disperse the rays of light thai 
are passed through it, by refracting them out of a direct course. 
They are of different forms, and have different powers. 

In the aciinining cut, we have an edgewise 
Tiew of six different lenses. 

A is the ptano-conveeDj or half a double con- 
vex lens ; one side being convex and the other 
plane. 

B is SL plaruheoncave ; one surface being con- 
cave, and the other plane. 

C is a dcmble-convex lens, or one that is 
bounded by two convex surfaces. 

D is a double-concave lens, or a circular piece 
of glass hollowed out on both sides. 

E is a concavo-convett lens, whose curves 
differ, but do not meet, if produced. 

F is a m^niecuSj or a concavo-convex lens, 
the curves of whose surfaces meet. 

615. A double-convex lens 
converges parallel rays to a 
point called the focus ; and 
the distance of the focus 
depends upon the degree of 
cocvbxity. 

In the first of these cuts, the lens is 
quite thick, and the focus of the rays is 
quite near; but the other being lesu 
convex, the focus is more distant. 

616. The distance of the 
focus of a double-convex glass 
lens is the radius of the sphere 
of its convexitv. 

« 

In this cut, it will be seen that the 
parallel rays A are refracted to a focus 
at C, by the double-convex leps B, the 
convexity of whose surfaces is Just equal 
to the curve of the circle D. 

677. The focal distance of 
a pLino-corivex lens is equal to 
the diameter of the sphere 
formed by the convex surface produced. 




DOUBLE CX)inrEX— FOOAL ZMSTAHCB. 




<74. What is a Una t Draw and describe different kinds. 67S. Befracttnf wuce flf 
<CemM«-C(mo«Blens? Focal distance? Diagram, and illustrate. 076. Hew ncal dl» 
tanui 0oyen«M)? Diagram, and illnstrftte. 677. What ia the focal ^<«»f[i«f «f • 
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B, by the pUna-conoTi 1«di C ; 

6.18. A dmbU-am- 
eave lens dispo'ia pa- 
rallel rays, as if they 
diverged from the cen- 
ter of a circle formed 
bytbe convex sorface 
prodaced. 




il*r at ■ olrcl* (ttnwd br Ikt 

619. Common spectacles, opera-glosses, bnrning-glassea, and 
refracting telescopes are made by converging light to a focoa, by 
tbe nse of donble-coDvez lenses. 
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REFLECTION OP LIGHT. 

680. We have now shown how light may be turned out of its 
course, and analyzed, dispersed, or converged to a point by 
refraction. Let us now qonsider how it may be converged to a 
focus by reflection. 

When light falls upon a highly-polished surface, especially of 
laetals, it is reflected or thrown ofif in 
a new direction, and the angles of 
contact and departure are always 
equal. 

Let A B represent the polished metallic surface, 
G the source of light, and the arrows the direction 
of the ray. Then D would represent the angle of 
incidence or contact, and E the angle of reflection 
or departure — ^which angles are seen to be equal. A— ^A, V B 

681. A concave mirror re- 
flects parallel rays back to a 
focus, the distance of which 
is equal to half the radius of 
the sphere formed by the 
concave surface produced. 

In this cut, the parallel rays A fall 
upon the concave mirror B B, and are 
reflected to the focus C, which is half 
the radius of the sphere formed by the 
surface of the mirror produoed. If, 
therefore, it was desirable to construct 
a concave mirror, having its focus 10 
feet distant, it would only be necessary 
to grind it on the circle of a sphere 
baving a radius of 20 feet. 

682. In reflection, a por- 
tion of the light is absorbed 
or otherwise lost, so that a 
reflector of a given diameter 
will not converge as much light to a focus as a doublc-convei 
lens of the same size. In the latter case all the light is trans- 
mitted. Still, reflectors have been found of such power as to 
melt iron, and other more difi&cult substances. 

We have now considered so much of optics as is necessary to as understanding of tlM 
principles upon which telescopes are constructed; and, for further particulars, shaO 
refer the student to books on Natural Philosophy. 




680. What now shown in this diapter? What next? What is r^fUcMon^ and wbea 
4m8 it take place? What law governs it? Diagram. 681. How does a ctmoa9t 
mirror reflect parallel rays 1 Distance of focus ? Diagram. How would you constmel 
a concave mirror with a 10 feet focus ? 682. Is all the Ught fftUiof upon a poUiheJ 
nrfiMe reflected? DUiattbeD? aosingDote? 
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CHAPTER XIX. 

TELESCOPES— REFRACTORS AND REFLECTORS. 

683. A TELESCOPE is an optical instrument employed iu neiv • 
ing distant objects, especially the heavenly bodies. The term 
telescope is derived from two Greek words, viz., /eZe, at a distance, 
and skopeo^ to see. So far as is now known, the ancients had no 
knowledge of the telescope. Its invention, which occurred iu 
1 609, is usually attributed to Galileo ^ a philosopher of Florence, 
in Italy. 

The discovery of Ute principle upon which the refracting telescope is constructed wat 
purely accidental. The children of one Jmuten^ a spectacle-maker of Middleburgh, in 
Holland, being at play in their father's shop, happened to place two glasses in such a 
manner, that in looking through them, at the weathercock of the church, it appeared to 
be nearer, and much larger than usual. This led their father to fix the glasses upon ■ 
board, that they might be ready for observation ; and the news of the discovery was soon 
conveyed to the learned throughout Europe. Galileo hearing of the phenomenon, sooc 
discovered the secret, and put the glasses in a tube^ instead of on a board ; and Ihus the 
first telescope was constructed. 

684. The telescope of Galileo was but one inch in diameter, 
and magnified objects but 30 times. Yet with this simple 
instrument he discovered the face of the Mooii to be full of ine- 
qualities, like mountains and valleys ; the spots on the Sun ; thn 
phases of Venus ; the satellites of Jupiter ; and thousands of 
new stars in all parts of the heavens. 

Notwithstanding this propitious commencement, so slow was the progress of th« 
telescope towards its present state, that in 1816, Bonnycastle speaks of the 80-fold maf* 
oifying power of the telescope of Galileo as ** nearly the greatest perfection that Uui 
idnd of telescope is capable of I" 

685. If he be the real author of an invention who, from a 
knowledge of the cause upon which it depends, deduces it from 
one principle to another, till he arrives at the end proposed, 
then the whole merit of the invention of the telescope belongs to 
Galileo, The telescope of Jansen was a rude instrument of mere 
cariosity, accidentally arranged ; but Galileo was the first who 
constructed it upon principles of science, and showed the practi- 
cal uses to which it might be applied. 

It is said that the original telescope constructed by Oalileo Is still preserved In the 
British Museum. A pigmy, indeed, in its wayi but the honored progenitor of o race of 
grants! 

686. The discovery of the telescope tended greatly to sustain 

6R8. Subject of Chapter XIX. ? Telescope ? Derivation ? Ancient or modern f In* 
VtfQtorf Incidents of discovery? 684. Galileo's telescope? Discoveries with it? 
Provresa in telescope making? 685. Is* Galileo entitled to the honor of inventing the 
lclouco|,er Ulliere is his? 6S6« Relation of discovery to Ccperuicav theory? KficoU 
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the Copernican theory, which had just been proMolgated, and d 
which Galileo was an ardent disciple. Like Copernicas, how 
ever, his doctrines subjected him to severe persecutions, and he 
was obliged to renounce them. 

The following is bis renunciation, made June 28,1688: ** I, Galfleo, in the §eTentieth 
jrear of my age, on bended Icnees before your eminences, having before mj eyes and 
touching with my hands the Holy Gospels, I curse and detest the error of the Earth's 
movement.** As he left the court, however, after this forced- renunciation, he is said to 
have stamped upon the Earth, and exclaimed, " It does move, after all ?** Ten years 
after this, he was sent to prison for the same supposed error ; and soon, his age advanc- 
f og, the grave received him from the malice of his persecutors. 



DIFFERENT KINDS OF TELESCOPES. 

681. Telescopes are of two kinds — Reflectors and Refracttyrs 
Keft'acting telescopes are made by refracting the light to a focus 
with a glass lens (6T5) ; and reflecting telescopes, by reflecling 
it to a focus with a concave mirror (681). Besides this 
general division, there are various kinds both of reflectors and 
refractors. 

.. Telescopes assist vision in various ways — first, by enlarging the viBoal angle nndet 
which a distant object is seen, and thus magnifying that ol^ect ; and, secondly, by 
converging to a point more light than could otherwise enter the eye—thus rendering 
ptjects distinct or visible that would otherwise be indistinct or invisible. 

Ail the light falling upon a six or a twelve inch lens may be converged to a focus, so 
as to be taken into the human eye through the pupil, which is but one-fourth of an Inch 
in diameter. Our vision is thus made as perfect b; art as if nature had given us ability 
to enlarge the eye till the pupil was a foot hi diameter. 

688. Refracting telescopes may consist of a double-convex 
lend placed upon a stand, without tube or eye-pieoe. Indeed, a 
pair of ordinary spectacles is nothing less than a pair of small 
telescopes, for aiding impaired vision. 

BVaACnMQ TBLBSOOPB WITH A SnOLI LBU. 




Here the parallel rays are seen to pass through the lens at A, and to be so converg*^ 
10 a point as to enter the eye of the beholder at B. His eye is tlius virtually eqlarged td 
Lie sise of the lens at A. But it would be very difficult to direct such a telescope toward 
eelestial oljects, or to get the eye in the focus after it was thus directed. 



upon Galileo? His renunciation? Death? • 687. Kinds of telescopes? Pccc r l b *^ 
Mw assist violon ? lUustration. 888. . Simplest form of refracting telescofc ? 
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689. The Galilean telescope consists of two glasses — a doubi& 
wnvex next the object, and a double-concave near the eje. The 
fonner converges the light till it can be received bj a small 
double-concave, by which the convergency is corrected (502), 
and the rays rendered parallel again, though in so small a beam 
as to be capable of entering the eye. 



OAULBJUlf T8LHS00PB. 




Here the light is converged by the lens A, till it can be receired by the donble-concavfl 
lens B, by ▼hich the rays are made to become a small parallel beam that can enter the 
eye at C. This was the form of the telescope constructed by JanMn^ and improved by 
Galileo ; on which account it is called the OaiUean teUaoope. In the cut, the two lenses 
are represented as fastened to o hoards as first exhibited by Jansen. 

690. The conmion astronomical telescope consists of two 
glasses — ^viz., a large double-convex lens next the object, called 
the objed-glass ; And & small double-convex lens or microscope 
next the eye, called the eye-piece. For the greater convenience in 
using, they are both placed in a tube of wood or metal, and 
mounted in various ways, according to their size, and the pTir« 
poses to which they are devoted. 

UNSn PLACID IN A TtTBI. 




A is the ob^edt^lan^ B the eiy&-pieee^ and the place where the tabei In which the ^c« 
piece is set, slides in and out of tne large tube, to adjust the eye*piece to the focal dl«« 
tance. By placing the lenses in a tube, the eye is easily placed in the focus, and the 
otiject-gUss directed toward any desired otject. 

691. The object-glass of a telescope is ustfally protected, when 
not in use, by a brass cap that shuts over the end of the instru- 
ment ; and the eye-pieces, of which there are several, of differ* 



9aia«m telescope? Why called QaUUant 690. How common nstrooomieal 
tcioMopet m4def Why in tube? 091. How oiyect-glAss protected f Wkil fsM li 
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ent magnifying powers, „PKiCTiNo TKLwcom moma on 4 jruoi. 
are so fixed as to screw 
into a small movable tube 
in the lower end of the 
instrument, so as to adjust 
them respectively, to the 
foi*.us, and lo the eyes of 
different observers. Such 
telescopes usually repre- 
sent objects in an invert- 
ed position. 

The adjoining cut represents the 
simplest form of a mounted refrac- 
tor. ¥he ofcyect-glass is at A, where 
the brass cap may be seen cover- 
ing it. B is the small tube into 
which the eye-piece is screwed, and 
which is moved in and out by the 
sm^ screw G. Two eye-pieces 
may be seen at D — one short one, 
for astronomical observations, and 
a long one, for land objects. For 
viewing the Sun, it is necessary to 
add a screen, made of colored 
glass. At E, a bolt goes into a 
socket in the top of the stand, in 
which it turns, allowing the tele- 
scope to sweep around the horizon ; while the Joint, connecting the snddle In which tt!4 
telescope rests with the top of the bolt, allows it to be directed to any point between the 
horizon and the tenith. But such stands answer only for comparatively small instrnments. 

692. Refracting telescopes are mounted in various ways. 
So important is it that they should not shake or vibrate, that, in 
most observatories, the stand rests upon heavy mason-work in 
no way connected with the building, so that neither the wind 
nor the tread of the observer can shake it. They are then fur- 
nished with a double axis, which allows of motion up and down, 
or east and west ; and two graduated circles show the precise 
amount of declination and right ascension. 

They are often Airnished with clockwork, by which the telescope is made to more 
westward Just as fast as the Earth turns eastward ; so that the celestial ol^ect beinf 
once found, by setting the instrument for its right ascension and declination, or by the 
aid of the Finder — ^a small telescope attached to the lower end of the large one — it may 
be kept in view by the clockwork for any desirable length of time. A telescope tkus fur- 
nished with right ascension and declination circles is called an JBquatorial, or is said te 
be equatoriallj/ tnownted^ because it sweeps east and west in tlie heavens parallel to tbe 
equatoi . * 

693. The object-glasses of telescopes are not always made of 
a single piece of glass. They may be made of two concavo-con- 
vex glasses, like two watch crystals, with their coneaVe sides 




<H)2. Kow refraetors mounted, and whyt When equatorial, and why? 
piKloct-glaAMii made ? Whata^i?nc7 A. Barlow Icml 
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towards each other, or with a thin double concave glass between 
them. Tliey are thas double, or triple ; but when thus con- 
structed, the whole is called a km^ as if composed of a single 
piece. 

Lenses have also been formed by patting two concayo-convex glasses tojether and 
filling the space between them with some transparent fluid. These are called Barlow 
lenses, from Prof. Barlow, their inventor. 

694. As a prism analyzes the light, and exhibits different 
colors, so a double convex lens may analyze the light that falls 
near its circumference, and thus represent the outside of the 
heavenly bodies as colored. But this defect is remedied by 
using discs made of different kinds of glass, so as to correct one 
refraction by another. Refracting telescopes thus corrected are 
called Achromatic telescopes. 

Achromatic is fVom the Greek a chroma^ which signifies destitute of color. Most 
refracting telescopes are now so constructed as to be achromatic. 

695. It is but recently that any good refracting telescopes 
have been made in this conntiT'. The best have formerly been 
made in Germany and France ; out a number of very fine instru- 
ments have been made in this country, most of them by Mr. 
Henry Fitz, Jun., formerly of New York City. Several very 
good instruments have also been made by Alvan Clark, Esq., of 
Boston, and qthers still by Charles A. Spencer, Esq., of Troy, 
N. Y. Mr. Fitz died In New York, November 27, 1863. 

1. The author was personallr well acquainted with Mr. Fits, and during his life gav« 
fhvorable descriptions of hta instruments in these page& and did idl that he could to 
make his capabilities known to the American pnbilo. He made his first telescope in 
ISSd. In the Winter irt' 1S44 he invented a method <tf perfecting object-glasses for reunct- 
Ing telescopes, making the first <Nie of the bottom of .an ordinary tumbler. In the Fall 
of 1845 he exhibited, at the Fair of the American Institute, an instrument of 6 Inches 
ai>ertnrc, which, although made of common American material, in tho way of flint glass, 
was a very excellent instrument Continually progressing in size, he finally succeeded in 
making instraments of 16 inches aporture, oue of which is now in the possession of Mr. 
Van Diizee, of Buffalo. N. T. Ue made two of 13 inches — one for the Dudley Observa* 
tory, at Albany, and tne other for an association of gentlemen, at Alleghan.v City, Pa. 
Of 12 inches aperture, he produce<I one for the Observatory at Ann Arbor, Michigaa, and 
another for the Vassar Female College. He made for M. L. Suthertbrd, of New York, 
at various times, telescopes of 4, 5|, 6, 9, and 11^ inchus aiierture ; the last, an Instmment 
of remarkable defining power, is now mounted in Mr. Ruthcrrord^s Observatory, i& 
£leventh Street, New York City. Mr. Vickcrs, of Baltimore, has a 10-inch. Several 
uf the size of 8 and 9 Inches are scattered over the country. Tho British Charg6 d^Af- 
fi&ircs Ht Montevideo has a 9-inch. Mr. Campbell, of New York, has an 8-incn. Of a 
Lirge number of 6 inches aperture, one very fine instrument was ordered by the United 
States Government, for Lieut Glllies's expedition to Chili ; it Is still in the Observatory 
of the Chilian Government At about tlie same time, ho made another of the same size 
for Mr. Kobert Van Arsdale, of Newark. N. J. Mr. Thomas F. Ilanison, Principal of the 
Public Grammar School in Greenwich Avenue, Now York, has another mounted on that 
building. [Removed on the rebuilding of the school edifice in 18d5.— J^.] 

3. For a list of telescopes in this country, with the names of their respeetive makers, 
focal lengths, size of object glasses, dec., see table on subsequent page. 

695. What said of the manufacture of telescopes ? What other Americans have made 
them ? (What said of Mr. Fitz ? Telescopes ?) 
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690. The above cnt represents an eqnatonal telescope miinn 
bcturcd by Mr. Henry Filz, of New York — the one nsod by 
the author in making most of his obscn'atioos. Its object- 
slass is six inches in diameter, and its foeal length eight feel. 
It is pei-tectly Rchromatic, and performs all the tests Inid down 
ill Dick's Practical Astronomer, as evidence of « good instm- 
;iieiit, with perfect ease. Under favomblc cireum stances, it 
shows the sixth star in the trapezium of Orion, and to sbo* 
Polaiia double is a very easy test indeed. 

A /Vtirfw I> mn icbic>i«l bi tbo lower en<1 of Uia Ivie [nitminont. It UkH I* ■ 
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697. Iliis instninient IS located in the Observatory of tbo Higb 
School of Philadelphia. Its focal length is eight feet, and iti 
aj^rture bis inches — the same as the ooe od the preceding page. 
It was made by Merz & Mahler, of Munich, and coat t2,20O. 

• Va a« ludebled to tha conruar of Mtun. Hirptr Brothers, nl Naw T«rk, tt; 
dupln nf Mvanl ar tbsM cnu bom liuAr Uonlhly Migulna for Juno, IBM. 
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498, This ingtmmont has a focal length of eixteen feet, with 
na objcct-glasB th rtecn and a 1 alf nches in I amcter. Its fi>ciil 
length is tlicrefore abo t four feet less than is ubbsI in the Ma- 
iiicn instruments of tl e same apertare. The fl nt and orown 
glass discs for it were nported from Germany and the instru- 
ment was made bv Meg, rs. Spencer & baton of Ganastota, N. Y^ 
at a cost of $10,000 It i» reported to be a very superior tol?- 
•cope, and, in workmanship, is regarded as fully equal to the 
Munich instruments. 
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009. The above cut represents one of the best telescopes in 
the United States. It is located in the observatoiy on Mount 
Adams, nesr Cincinnati, Ohio, and was for several years undet 
the direction of the late Prof. O. M. MUehel, by whose instni- 
iiicntnlitj .t was purchased and mounted. 

ThF obJeot-^rliiM It ibnut 13 incbaa In t11am«l«T. wlili ■ Ibcal dlituiM of IT tM. I: 
via puraliiiMd Id Uuntch, Osnuanf, In ISM, it sd eip«iH of new^ («• Humtani 
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700. This Bnperb iriBtrament is mounted in tbe Dadley Ob- 
Bcrvatory, at Albany, and is one of the tno«t important instrn* 
meiits ia America. Its focal length is IS feet 3 inches. The 
object-giasa, made by the late Henry Fitz, of New York, is IS 
inches clear apertnre, and the tube is of mahogany, constructed 
by glueing together strips of about an inch in width. A fittder, 
or small telescope for finding objects, is seen attached Xu thv 
lower end of the lai^ iiifltrament. 

nn. Wben Imtedr BI«T Bj wkom nud* t Whil nld of tobt f IlBdwr . 




701. Tills is probiil.ly the best itiR mmentui the United fJtaieb. 
Its ul)jec1>gliu!s IB i.'i iiiulics in diamtter, with a local length of 
22 feet 6 incucs. It iiait eighteen diHment powers, raiiging from 
103 to 2,000. It was mA-k: by Ueiz & Mahler, of Munich, Ba- 
varia, and cost $19,842. 
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702. This is the larpcst refracting teleRcope ever conBtmctoil 
The ohjcct-jrlflss is two feet in diameter, witQ a focal distance of 
76 feet. The tube is of hcary sheet iron, and shaped somewluit 
like a cigar. It is 13 feet in circumference in the largest plaiie, 
nod weighs abont three tons. 
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703. i 3'ronjnV Timtrument is a telescope nsed for observing 
the tnii.«itB of celestial objects across the meridian, for the piir- 
poso of detormining differences of right asceosion, or obtaining 
correct time. They arc usually from six to ten feet long, and 
are mounted upon h horizontal axis, between two abutments of 
masoD-work; bo that the instrument, when horizontal, will point 
exactly to the sonth. It will then take objects in the heavens, 
when they are exactly on the meridiao. 

The Transit Instrument and Mural Circle have been combined 
in one instrumen}, called a Meridian Circle, hs shown on a sub- 
Bcqncot pf^e. 
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704 Th n umen e o a ed n he Na on Observatorf 
K \Va h ngt n D C I 8 moun ed upon p era of gran te, whidi 
rest firmly upon a foundation of stone, extending ten feet below 
the surface of the ground. The object-glass was fhmiBhed bi 
Merz & Mahler, and the iDBtniuent was constructed by Erlel i 
Son, Munich. The entire cost was 91,480. 
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?05. This is a enperior transit inetrument, with a mnrtil circlo 
attached. It is located in the east wing of the Dadley Observe 
tory, at Albanv, N. Y., and rests upon piers of Lockport lime* 
Btone, which rest upon a bed of sand and gravel, some ten feet 
below the floor of the cellar. Taken as a whole, it is probably 
the best transit instruraent in the United States. 

LAJTlmtlOIrcI* III krmgndnslfd circle, witli itelcHiDiH anHlnclt*«nt«',iiM4 
rui the meunrenent of tha ■ItftDdeB ud leiilth dliuurea of Uie beireDlr bodlM, It th« 
tniunt of Ihclr sni«lD|[ the nerldlin. Thej m hiiuIIt fiied npon s horliuittil ait, 
tliil luml In ■ Hcket flnni/ find In i nortb aid xnlk will The degnu, mlButH, 

ol the Mnt The Hnnl Clrd* ua ■ tnmelt hutnunenL u now oombltied, ■» ibII«4 
n MeHiUan Omit. 
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2. The old Mnml Circlf" ti now being rapidly superseded bj the Me^diaa GIrelt ta 
the b4>st observat(Mrte& 

706. A Comet Seeker is a re- a oomit skkkhu 
fracting telescope with a large 
aperture and short focal distance. 
As comets cannot be found by 
their right ascension and declina- 
tion, but often have to be 
searched up, by sweeping around 
the heavens with a telescope, be- 
fore they became visible to the 
naked eye, it is important to 
have telescopes that will cover 
considerable space — ^that is, of 
wide aperture and short focal distance. Sach a telescope was 
made by Mr. Fitz for Miss Mitchel, of Newport, R, I. 

Miss Mitchel is an amateur astronomer, and has the honor of haying disoorered % num- 
ber of new comets. 

707. An Astronomical Clock is a clock adapted to keep exact 
Bidereal time. Taking the vernal equinox in the heavens as the 
zero point, and reckoning 24 hoars eastward to the same point 
again, the time — ^reckoning 15° to an hour — when an object 
crosses the meridian, will always represent the right ascension 
of the object. Hence right ascension is usually given in hours, 
minutes, and seconds ; or in time by the astronomical clock, set 
by the vernal equinox. 

Professor Mitchel, we believe, made some valuable Improvements In astronom'eal 
clocks. A very fine instrument of this kind is located in the Dudley Observatory, at 
Albany, N. Y. 

REFLECTING TELESCOPES. 

708. The Rejlecting Telescope is one in which the light is con- 
verged to a focus by means of a concave metallic reflector or 
speculum. Like the Refractors^ they may be constructed with 
very little mounting ; though for convenience in use, it is necea- 
bary to place the reflector in a tube. 

The student should fully understand the differenoe between the two kinds of tele> 
»«x>pes, viz. : rtfractortt and r^/Uetars. In one respeet they are alike, as they both oon- 
vArge the rays of li$rht to a focus; but they do it by widely different processea, as tbt 
following pages will show. 

700. What is a eomef tcekert Why necessary f 707. What Is an attroBOuieil 
eloekf 109. Describe a reflecting telescope. Simplest form? 
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aXXPUSTT FORI! OF A KBVUHrriMO rtLsropK. 




Id this cat, the light A Is seen passing from the olject on the right, and falling upon 
life concave surface of the reflector at B, from which it is reflected baclc to a focus, und 
enteri ttie eye of the observer at G. This telescope has no eye-piece. 

708, The focal distance of a concave reflector is equal to half 
the radius of the sphere formed by the concave surface pro- 
duced. Hence to grind a reflector for a focus of 20 feet, it will 
be necessary to have the curve that of a circle whose radius is 
10 feet. 



VOCAL Dl£TA«Cl OT A OOXOAW BmaCTOR. 




Here the curve of the speculum K is that of a circle, whose centur 
Ia C ; while the fc'cus of the speculum is at D, which is only half 
the distunce from B to G. 

709. Reflecting telescopes are of several kinds — viz., the Gre^ 
ccrian^ the Newtovuin^ the Canspgranian, the Herxchelian^ &c. 
The Gregorian Rejl^dor has an nperture in the center of the 
f'f eculum, and a small concave mirror in the focus of the sp«cu- 
um, which reflects the light back through the aperture to the 
eje-piece. In this way the observer is enabled to face the 
j>bject, and to direct the telescope toward it, as if it were a 
refractor. 



T08b Focai distance f 
Why called G^'egorion f 



709. How many kinds of reflectors? Describe the Oregoiiaiii 
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QKHOORUX IIRMJIOTOR. 




Here the light A falls npon the speculum at B, and Is reflected back to the small mir- 
ror 0, by which it is thrown out throuf^h the aperture in the speculum^ to the ey e of the 
observer at D. The object is supposed to be off on the ri^t, in the direction towards 
which the instrument is pointed. It is called a Gregorian telescope, after Mr. Jamoa 
Gregory, who first suggested the construction of reflecting telescopes. 

7 10. The Newtmiian Be/lector is so called after Sir Isaac 
Newton, its inventor. Instead of a concave mirror in the focus 
of the specalum, he placed a plane mirror there, inclined so as 
to reflect the light to the side of the tube, where it was received 
by the observer. 

VXWTONIAN RBFLBCTOIU 




The light fl-om the speculum is here shown falling upon the inclined mirror in the cen- 
ter, and reflected out to the eye of the observer. 

711. The Cassegranian Reflector is so called from M. Casse- 
grain, its inventor. It resembles the Gregorian, except that the 
speculum placed in the focus of the reflector is convex instead of 
concave. 

, The HerscMian Befiedor difi'ers from all others, in having no 
small reflector whatever ; the light being reflected back to a 
focus at the top of the telescope, and near the edge of the tube, 
where the eye-piece is placed, and where the observer sits look- 
ing into the mirror with his back to the object. 

HERSCBBUAM TELESOOPB. 




Here the concave speculum is seen to be inclined a little to the lower side of the tnfc^ 
lo that the parallel rays A are reflected back to the observer at B,at the vide of thi 
Instrument, where the eye-piece is placed. 



710. Newtonian reflectors? TIL Cassegranian? Difference? Herm^helian? Wbcw 
Cfv-piccc ? How observer sit ? 
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112. The first telescope constraeted npon thia plan was tlmt 
I15 Sir Willmm Herschel, in. 1182. This was called hk 20 feet 
reflector, and was the instrnineut with which he made many of 
bis obserrBtions upon the doable stars. la 1T89, he completed 
iua forty fat reflector, antil recently the largest telescope evei 
cooBtracted. 




71 1 The BpecalDm of this inatrumcnt ih 4 feet id di inieter, 3} 
inches thick, and weighed before being ground, 2,1! 8 pouuds. 



T)i<t tube is made of sheet iron riveted together, and painted 
within and without. 

ThelcurthodhelnbBliSSfHttlnchM. und Iti seIkM 8.M0 pnaudt. It If denttd 
or lowered bj UcklM, jIUclwd to itrong (rsmi-worlt ; »d the obitw, who nlili* 

rnlsed and lowtrti irlih the tnslrameDt, Thm ppruisB »r« neceutry j> uma thii telfr 
■cope — ooe 10 obierTV. HDolher to wortc tho tqbe» sod a third to Dote dowa the okjevrii- 




114. This IS the lai^est reQecting telescope eret constrpcted. 
The flpeculiim, composed of copper and tin, weighed three tons ai 
it came from the mould, ftnd iost about ^th of an inch in griDding; 
It is 5J inches thiclt, and 6 feet in diameter. It was cast on 
the 13th of April, 1842, and was cooled gTHdaalljr in an oven for 
16 weeks, to prevent its cracking, by a sudden or nneqnal rednc^ 
tion of the temperatnre. This speculnm haf a reflecting gnrfaue 
of 4011 square inches. The tnbo ia raata of deal wood, ouo 
inch thick, and hooped with iron. Its dldmeter is seven feet, 
and its length 56. 
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OBSRBVATORIKA AND TRLRSCOPEA IN THR tTMTRD STATRfl. 



OMicmvATomis^ 



Tale College. 

WesleTan university 

Williams College. 

Hndson, Ohio 

Philadelphia 

West Point 

Washington 

Cincinnati 

Cambridjre 

Dartmuutfa College. 

Georgetown 

Krskine 

Welby 

Colombia (9. C.) College 

Golambia (Mo.) 

Friend^ Philadelphia 

Amherst Collide 

Michigan University 

Dndley, Albany, N. Y. 

Hamilton College 

J. Jaekson, near Philadelphia. .. 
Mr. Longstreet, Philadelphia.... 
8. G. Gainmere, Burlington, N.J. 

B. Yanarsdale, Newark, N. J. . . . . 

W. 8. Van Duzee, Buffalo, N. Y. . 

W. 8. Dickie, Elkton.Ky. 

D. Mosman, Bangor, Me. 

J« Campbell, New York 

L. M. Kuthertord, New York . . . . 



THKIK TKLKSCOPKli. 



Wh-n 
procurod. 



1880 
1886 
1886 
1802 
1887 
ISM 
1811 
1844 

u 

1846 
1848 

1849 

»* 

1850 

1851 

1852 

1846 

1854 

1853 

1857? 

1857 

1846 

u 

1847 

1850 

1851 
1. 

u 

u 

1852 



Namoof 
nwker. 



Dollond. 

Lerebtmra. 

Holcomb. 

A. Clark. 

Simms. 

Mer?* 

Lerebours 

Menu 

u 
u 

Siinma. 
Fitz. 
Mens. 
Fitz. 

u 
tt 

Clark. 
Fitz. 




u 



FOCAI 


ft in. 


10 — 


7 — 


10 — 


9 — 


5 6 


8 4 


8 — 


15 8 


17 — 


22 6 


9 — 


7 6 


7 — 


10 4 


8 4 


5 — 


7 — 


8 6 


17 — 


15 2 


16 — 


8 4 


7 — 


6 — 


7 — 


8 4 


11 — 


6 ~ 


5 — 


10 — 


9 6 



Ap«rtarM 
object ifll 



of 



inches. 

5 

6 
reflector. 

7 

4 

«l 

6 

9-6 
12 
15 

6-4 

4-8 

6-6 

7-5 

61 

4 

5 

n 
m 

18 

6 8-10 
5 
4 
5 

«♦ 

H 

4» 

4 
8 
9 



Cost 



$1,000 
1,000 



1,900 

6,000 

9.487 

19,843 

1,600 
1.050 
8;500 
1,200 
225 

1,800 

6,00«) 

14.500 

io,ooor 

1.888 

900 

425 

750 

1,000 

2,220 

8(Ht 

225 

l,laU 

2.200 



rOBKIGN OBeKRVATOBIBa— TIIEIB LATITUDE ANI> LONGITUDE. 



OWKKTATOKim 



Altona. 

Armagh 

BerUn 

Brussels 

Cambridge 

Cape ot Good Hoiie 

Copenhagen 

I>orpat 

Dublin 

Edinburgh. 

Odttingen 

Green wloh. 

Konlgsberg 

Munich. 

Palermo 

Paris 

jreter&bnrg 

Rome 

Turin 

Vienna 





LMtitiKle. 




] 


Loniritudfl in Time. 










h. 


III. 


R. 




58 


82 


45 


N. 





89 


46.2 


E. 


M 


21 


12.7 


N. 





26 


85.5 


W. 


52 


80 


16.7 


N. 





58 


84.9 


E. 


50 


51 


10.7 


N. 





17 


27.2 


K 


52 


12 


51.8 


N. 








28.5 


E. 


88 


56 


8 


8. 


1 


13 


56.0 


K 


55 


40 


53 


N. 





50 


19.8 


K. 


68 


22 


47.1 


N. 


1 


46 


54.6 


E. 


58 


2« 


13 


N. 





25 


22 


W. 


55 


57 


28.2 


N. 





12 


48.0 


W. 


51 


81 


47.9 


N. 





89 


46.8 


K. 


51 


28 


88.2 


N. 








0.0 




54 


42 


50.4 


N. 


1 


22 


0.4 


R 


48 


8 


45 


N. 





46 


25.4 


E. 


88 


6 


41 


N. 





58 


25.5 


E. 


48 


50 


18 


N. 





9 


21.5 


K 


50 


56 


29.7 


N. 


2 


1 


18.5 


E. 


41 


58 


64 


N. 





49 


54 7 


R. 


45 


4 


6 


"N. 





80 


48.4 


K. 


48 


12 


85.5 


N. 


1 


5 


82 6 


E. 



609. Pnbllo observatories in this country? Largest telescope? T«^\0. ^Wv^va 
•baervatories—names? Telescopes— by whom moftt\y mada^ '^\\9X q>\X\«\ \ti^^«^ 
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CHAPTER XX. 
PROBLEMS AND TABLES. 

PROBLEM I. 
TO CCNTJBRT DVGREEa, ETC., INTO TIME. 

Rule t — ^Divide the degrees by 16, for hours ; and multiply tlie 
icinaiuder, if any, by 4, for minutes. 

2. Divide the odd minutes and seconds in the same manner by 
15 for minutes, seconds, <&c., and multiply each remainder by 4, 
for the next lower denomination. 

Example 1.— Convert 32° 34' 46" into tmie. 

Thus, 32°-r-16 = 2h. 8' 

34 -7-15= 2 16' 

46 -=-15= 3 



Ans. 32° 34' 45'=2h. 10' 19' 

Example 2. — If it is 12 o'clock at this place, what is the timt 
20° cast of us ? 

Thus fifteen in 20°, once, and five over ; the once is 1 hour, 
and the 5 multiplied by 4, gives 20 minutes ; the time is then 
1 hour and 20 minutes past 12. 

Example 3. — ^The longtitude of Hartford is 72® 60' -west of 
Greenwich; what time is it at Greenwich when it is 12 o^dock at 
Hartford ? Ans. 4h. 51m. 20s. 

Example 4. — ^When it is 12 o'clock at Greenwich, what k thr 
time at Hartford ? Ans. 7h. 8m. 40s. 



pbob:<bms and tables. 3S5 

PROBLEM IL 
TO CONVERT TIME INTO DEGRESS, ETC. 

Rule. — Multiply the hours by 1 5, and to the product add oiio- 
fourth of the miimtes, seconds, &c., observing that every miuuts 
of time makes |°, and every second of time |^ 

Example 1.^ — In 2 hours, 10 minutes, and 19 seconds; how 
many degrees? 

Thus; 2h. 10m. 19. 

11. 

30° • 

Add 10 quarters, or J of the min. 2 30' 

Add 19 quarters, or j- of the sec. 4 45' 

Ans. 32° 34' 45' 

Ex. 2. — ^When it is 12 o'clock at Hartford, it is 4 hours, 51 
minutes, and 20 seconds past noon at Greenwich ; how many 
degrees is Hartford west of Greenwich ? 

Thus : 15 times 4 is 60— added to J of 51, is 72' 46', and 
this increased by J of 20, is 72** 50'. Ans. 

Ex. 3. — A Liverpool packet, after sailing several days from 
New York, finds the time by the Sun 2 hours and 40 minutes 
later than by the ship's chronometer : how far has the ship pro- 
giessed on her way ? 

Ex. 4. — A vessel leaves Boston, and having been tossed about 
in foul weather for some days, finds, that when it is 12 o'clock 
by the Sun, it is only 11 o'clock and 50 minutes by the watch ; 
is the vessel east or west of Boston ; and how many degrees ? 

Ex. 5.— The moment of greatest darkness, during the annular 
edipse of 1831, took place at New Haven, 10 minutes after 1 
o'clock. A gentleman reports that it happened precisely at 1 
where he observed it ; and another that it was 5 minutes after 
1 whore he saw it ; Query. How far east or west were these 
gentlemen from each other, and how many degrees from New 
Haven? 
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PROBLEM I1I« 

rO FIND W^HAT STARS ARE ON THE MERIDIAN AT NINE O^CLOCK IN 

THE EVENING OF ANY GIVEN DAT. 

Rule. — Look for the given day of the month, at the bottom 
of the maps, and all the 8tai*s having the same degree of right 
ascension will be on the meridian at that time. 

Example 1. — ^What stars will be on the meridian at o'clock, 
the 19th of January! 

' Solution, — On Map III. I find that the principal stars stand- 
ing over against the 19th of January, are Rigel and Capella. 

Ex. 2. — What stars .ire on the meridian the 20th of Decem- 
ber f Ans. Menkar and Algol. 



pboblem iv. 

ant star being given, to find when it culminates. 

Rule. — Find the star's right ascension in the table, or by the 
^ map (on the equinoctial), and the day of the month at the cop 
or bottom of the map will be the day on which it culminates at 
9 o'clock. 

Example 1. — At what time is the bright star Sirius on the 
meridian ? 

Solution, — I find by the table, and by the map, that the right 
ascension of Sirius is 6 hours and about 38 minutes ; and the 
time corresponding to this, at the bottom of the map is the 11th 
of February. 

Ex. 2. — At what time is Alpheratz, in the head of AndroiiMdik 
on the meridian ? Ans. The 9th of November. 
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PROBLEM V. 

THE iUGHT ASCENSION AND DECLINATION OP A PLANET BEINO 
GIVEN, TO FIND ITS PLACE ON THE MAP. 

Rule. — Find the right ascension and declination of the planet 
on the map, and that will be its place for the given day. 

Example 1. — Venns's right ascension on the 1st of January, 
1833, was 21 hours, 30 minutes, and her declination 1Q¥ south ; 
required her situation on the map ? 

Solution, — On the right hand of the Plate II. I count off 16i° 
from the equinoctial, on the marginal scale south, and from that 
point, 30 minutes to the left or just half the distance between the 
XXL and XXII. meridian of right ascension, and find that 
Venus, that day, is within two degrees of Delta Capricorni, neat 
the constellation Aquarius, in the zodiac. 

Ex. 2. — Mars' right ascension on the 13th of March, 1833, i» 
5 hours, 1 minute, and his declination 24i° north ; required hia 
situation on the map ? 

Solution, — L.find the fifth hour line or meridian of right ascen- 
sion on Plate III.., and counting upward from the equinoctial 
.24i°, I find that Mars is between the horns of Taurus, and about 
5° S. W. of Beta Aurigae. 

Ex. 3. — Required the position of Jupiter and Saturn on th« 
.13th of February and the 25th of May? 



PROBLEM VI. 

TO FIND AT WHAT MOMENT ANY STAR WILL PASS THE MERIDIAN OH 

A GIVEN DAY. 

Rule. — Subtract the right ascension of the Sun from the 
star's right ascension, found in the tables : observing to add 24 
hours to the star's right ascension, if less than the Sun's, and 
the difference will show how many hours the star culminatea 
after the Sun. 
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Example 1. — At what time will Procyon pass the meridian oa 
the 24th of February ? 

Solution. — R. A. of Procyon, 7h. 30ra. 33s. + 24h. 

31 30' 83' 
R. A. of Sun, 24th Feb. 22 29 1 

Ans. 9 1 32 

That is Im. 328. past 9 o'clock in the evenings 

Ex. 2. — At what time will Denebola pass the meridian on the 
firat of April ? 

Solution.— B.. A. of Denebola is llh. 40' 32' 

R. A. of Sun, April 1, 41 25 

Ans. 10 69 7 
That is, at 59 minuter, 7 seconds, past 10 in the evening. 

Ex. 3. — ^At what time on the first day of 'ea(;h month, frou- 
January to July, will Alcyone, or the Pleiades, pass the meri- 
dian ? 

Ex. 4. — At what time will the Dog-Star, or Sirius, culminate 
on the first day of January, February, and March ? 

Ex. 6. — How much earlier will Spica Virginis pass the men 
dian on the 4th of July, than on the 15th of May? 

Ans. 3 hours, 25 minutes. 



PROBLEM VII. 

rO FIND THE sun's LONGITUDE OR PLAGE IN THE ECLIPTIC, ON AWt 

GIVEN DAY. 

Rule. — On the lower scale, at the bottom of the Planisphere 
(Map VIII.) look for the given day of the month ; then the sign 
and degree corresponding to it on the scale immediately above it 
will show the Sun's place in the ecliptic. 

Example 1. — Required the Sun's longitude, or place in the 
ecliptic, the 16tli of September. 

Solution. — Over the given day of the month, September 16tb, 
stands 5 signs and 23 degrees, nearly, which is the Sun's place in 
the ecliptic at noon on that day ; that is, the Sun is about 23 
degrees in the sign Virgo. 
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K.B -If thft 5 signs be raoItipUed by 80, and the 28 degrees be i.Idod to it, it viS ff.Vb 
*t» Ir^of itude In d<^ree8, 178. 

Ex. 2. — Required the Sun's place in the ecliptic at noon, on 
the 10th of March. 

PROBLEM VIII. 

ftlvEN THS SUN^S LONGITUDE, OR PLACE IX THE ECLIPTIC, TO FIND HM 

RIGHT ASCENSION AND DECLINATION. 

Rule. — Find the Sun's place in the ecliptic (the curved lice 
which runs through the body of the planisphere), and with a 
pair of compasses take the nearest distance between it and the 
nearest meridian, or hour circle, which being applied to the gra- 
duated scales at the top or bottom of the planisphere (measur- 
ing from the same hour circle), will show the Sun's right ascen- 
sion. Then take the shortest distance between the Sun's place 
in the ecliptic and the nearest part of the equinoctial, and apply 
it to either the eiist or west marginal scales, and it will give the 
Sun's declination. 

Example 1. — ^The Sun's longitude, September 16th, 1833, is 
5 signs, 23 degrees, nearly ; required his right ascension, and 
declination. 

Solution. — The distance between the Sun's place in the eclip- 
tic and the nearest hour circle being taken in the compasses, and 
applied to either the top or bottom graduated scales, shows the 
right ascension to be about 11 hours 35 minutes ; and the dis- 
tance between the Sun's place in the ecliptic, and the nearest 
part of the equmoctial, being applied to either the east or west 
marginal scales, shows the declination to be about 2^ 45', which 
is to be called north, because the Sun is to the northward of 
the equinoctial ; hence the Sun's right ascension, on the given 
day, at noon, is about 1 1 hours 35 minutes, and his declination 
2° 45' N. 

Ex. 2.— The Sun's longitude, March 10th, 1833, is 11 signs, 
19 degrees, nearly ; required his right ascension and decline 
!;ion ? 

Ans. R. A. 23h. 21m. Decl. 4° 11' nearly. 

PROBLEM IX. 
TO FIND THE RIGHT ASCENSION OF THE MERIDIAN AT ANT SIVEN TIMl. 

R»:le. — Find the Sun's place in the ecliptic by Problem IX« 
:uu\ his right ascension by Problem X., to the eastward Of 
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which count off the given time from noon, and it will i$how Ihr 
right ascension of the meridian, or mid-heaven. 

Example 1. — Required the right ascension of the meridian i 
hours, 25 minutes past noon, September 16th, 1833 ? 

Solution, — By Problems IX. and X., the Sun's right ascen* 
sion at noon of the given day, is 1 1 hours 35 minutes ; to the 
eastward of which, 9 hours and 25 minutes (the given time) 
being counted off, shows the right ascension of the meridian to 
be about 21 hours. 

Ex. 2. — Required the right ascension of the meridian at 6 
hours past noon, March 10th, 1833 ? 

Solution. — By Problems IX. and X., the Sun's right ascension 
at noon of the given day, is 23 hours and 21 minutes ; to thi 
eastward of which, the given time, 6 hours, being counted off, 
shows the right ascension of the meridian to be about 5 hours, 
21 minutes. 

Rkmark. — In this example, It may be necessary to observe, that where the eastern, oi 
lefl-hand extremity of the planisphere leaves off, the western, or right-hanc! extremity 
begins ; therefore, in counting off the given time on the top or bottom graduated scales, 
the reckoning is to be transferred from the left, and completed on the right, as if the two 
outside edges of the planisphere were joined together. 

PROBLEM X. 

TO FIND WHAT STARS WILL BE ON OR NEAR THE MERIDIAN, AT ANY 

GIVEN TIME. 

Rule. — Find the right ascension of the meridian by Problem 
XI., over which lay a ruler, and draw a pencil line along its 
edge from the top to the bottom of the planisphere, and it will 
show all the stars that are on or near the meridian. 

Example 1. — ^Required what stars will be on or near the 
meridian at 9 hours, 25 minutes past noon, Sept. 16th, 1833 ? 

Solution, — The right ascension of the meridian by Problem 
XI. is 21 hours : this hour circle, or the line which passes up 
and down through the planisphere, shows that no star will be 
directly on the meridian at the given time ; but that Alderamiu 
will be a little to the east, and Deneb Cygni a little to the west 
of it ; also Zeta Cygni, and Gamma and Alpha in the Little 
Horse, very near it on the east. 

PROBLEM XI. 
TO FIND THE EARTH's MEAN DISTANCE FROM THE SUN 

Rc7L£. — As the Sun's \\omo\vla\ parallax is to radius, so tf 
tbe semi-diameter of t\ie ^ar\\\ \.o W^ ^\^\,^\^<i^ \twssL \2Qk& §»aa. 
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By Logarithms. — As tangent of the Son's horizontal parallax 
k U) radius, so is the Earth's semi-diameter to her mean distance 
from the San. 

8*.5776 : 206264'.8 : : 8962 : 95,278,869 miles. 

By LogarUhvM. 
Am tangent of the Sun*8 horisontal parallax, 8' .5776= 5.6189407 
Is to radius, or 90*, =10*0000000 

So is the Earth!s semi-diameter, 8962= 8.6979148 

To the Earth's disUnce, 95,278,869= 7.9738788 

PROBLEM XII. . 

ro FIND THE DISTANCE OF ANY PLANET FROM THE SUN, THAT OF THR 

EARTH BEING KNOWN. 

Rule. — ^Divide the square of the planet's sidereal revolution 
t*ound the Sun, by the square of the Earth's sidereal revolution, 
and multiply the cube root of the quotient by the Earth's mean 
distance from the Sun. 

By LogarUhjns. — From twice the logarithm of the planet's 
sidereal revolution, subtract twice the logarithm of the Earth's 
sidereal revolution, and to one-third of the remainder, add the 
logarithm of the Earth's mean distance from the Sun. 

ExAMPLR. — Required Mercury's mean distance from the San, that of the Earth belnt 
95,278,869 miles. 

Mercury's sidereal revolution is 87.969258 days, or 7600548' .8912 : the Earth's sidereal 
^'tTolution is 865.256874417 days, or 

8155S151'.5 7600548.9 

81558151* J» 7600548.9 



995916962096952.20 by which divide 57768267575827.21 
a.id the qnotlent will be 0.052005106718292, the cube root of which is 0.8870977, and this 
multiplied by 94,881,891, gives 86,727,607 miles, for Mercury's distance from the Sun. 
This problem may be performed by logarithms in as many tn-inute* as the former method 
requires tunirt. 

Mercury's Sid. Rev. 7600548'.9 log. =6.8808447 > 2 18.7616894 

Karth's Sid. Rev. 8155S151'. Iog.=7.4991802x2 14.9982604 

H)— 2.7634290 

1.6878097 
Add log. of the Earth's mean distanee, 7.97S9788 

Mercury's distance, 86,880,422. Ans. 7.5667885 

If the pupil have not already learned the use of logarithms, this problem will satisfy 
him of their unspeakable advantage over all other modes of computation. By reviewing 
the above calculation, he will perceive that instead -of multyplying 8155S151'.5 by itself, 
be need only multiply its logarithms by two ! and instead of extracting the cul)e root of 
0.058005106718292, he need only divide its logarithm by three! and instead of multiply- 
ing 0.8870977, by 95,278,869, he need only add their logarithms together. He need net 
think himself a dull scholar, if by the former method he come to the true result in Jt%t 
hours ; ner remarkably quick, if by the latter he come to it in^Kotf miwiUe; 

PROBLEM Xin. 
TO FIND THE HOURLY MOTION OF A PLANET IN rrS OR%Vt. 

Rule. — Multiply the planet's mean d\slaTke,% ItoraiSJckfe^vss^'^^^ 
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C.2831853, and divide the product by the time of the planefa 
sidereal revolution, expressed in hours, and the decimals of an 
hour. 

By Logarithms,— AM 0.7981199 to the logarithm of the 
planet's mean distance from the Sun, and from the sum subtract 
the logarithm of the planet's revolution expressed in hours. 

GxAMPiJi.— Required the Earth's houriy motion fn its orbits 

Log. ol Earth's dl8tance=7.9 780788 +0.7981799= 8.7771687 

Subtract \og. of Earth's revolution 8.942SO90 

Gives Earth's horary motion, 68,288 mUes, 4.884aur 

PROBLEM XIV. 
TO FIND THE HOURLY MOTION OF A PI^NET ON TFS AXIS. 

Rule. — Multiply the diameter of the given planet by 3.14159, 
and divide the product by the period of its diurnal rotation. 

By Logarithms. — Add 4.0534524 to the logarithm of the 
planet's diameter, and from the sum subtract the logarithm of 
its diurnal rotation, expressed in seconds. 

Earth's diameter, 7924 log. = 8.8989445 

Add log. of 8600' -»- log. of 8.14159 = 4.0534524 



7 9528969 
Subtract log. diurnal rotation, 28h. 56 4'.09 a 4.9858268 

Ans. 1040.09 miles 3 8.0170706 

PROBLEM XV. 
TO FIND THE RELATIVE MAGNITUDE OF THE PLANETS. 

Rule. — Divide the cube of the diameter of the larger planet 
by tlie cube of the diameter of the less. 

By Logarithms. — From three times the logarithm of the 
larger, subtract three times the logarithm of the less. 

KxiMPKK. — How much does the size of the Earth exceed that of the Moon f 

Earth's diameter. 7912 log. 8.S9S2$68 x 8= 1 1.6948589 

Moon's diameter, 2160 log. 8.3843376x8= 10.0080128 

The Earth exceeds the Moon, 49.1865 times. Ans. 1.6918461 

In this example, 7912 miles is assumed as the mean between the Earth's equatorial 

and polar diameter : the former being 7924, and the latter 7S9S miles. 

PROBLEM XVI. 

TO FIND THE PROPORTION OF SOLAR LIGHT AND HEAT AT EACH OF 

THE PLANETS. 

j][,ULE. — Divide the square of tlie planet's greater distan'^e 
from the Sun, by the square of the less. — Or, subtract twice tlwr 
logarithm of the great ier 4istance from twice the logarithm of 
Mie lc°h. 
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KiAHPLR. — How much greater is the Sun's light aud heat at 
Mercury, thau at the Earth ? 



Log. of Earth's distance 
•* of Mercury's 
Ans. 6.6786 times greater: 



7.97S973S x 2=15.9579476 

7.5667959 x 2=15.1835918 

0.S248558 



PROBLEM XVII. 
TO FIND THE CIKCUMFERENCE OF THE PLANETS. 

Rllk. — Multiply the diameter of the planet by 3.14159, or, 
add the logarithm of the planet's diameter to 0.4971499. 

rUOBLEM XVIII. 
TO FIND THE CIKCUMFERENCE OF THE PLANETARY ORBITS. 

Rule. — Multiply the planet's mean distance from the Sun by 
c. 283 1853 ; or, to the logarithm of the planet's mean distance, 
add 0.7981799, and the sum will be the logarithm of the answer. 



PROBLEM XIX. 

rO VI ND IN WHAT TIME ANY OF THE PLANETS WOULD FALL TO THE 
SUN, IF LEFT TO THE FORCE OF GRAVITATION ALONE. 

KuLE. — Multiply the time of the planet's sidereal revolution 
by 0.176776 ; the result will be the answer. 

By Logarithms, — From the logarithm of the planet's sidereal 
revoiuuon, subtract 0.7525750, and the remainder will be the 
logarithm of the answer, in the same denomination as the side- 
real revolution. 

Required the times, respectively, In which the several planets woul<l fall to the Sun ay 
the force oi gravity. 



Planets would fall to the Sun. 


Days. 


n. 


M. 


S. 


Logarithms. 




Mercury, 


15 


18 


13 


16 


6.12S26S6 




Venus, 


89 


17 


n 


22 


6.5355424 




Earth, 


64 


13 


RS 


55 


6.T465357 




Mars, 


121 


10 


36 


3 


7.0208S17 




Jupiter, 


265 


21 


83 


85 


7.82()6S49 




Saturn, 


1901 


23 


'H 


4 


8.2157186 




Uerschel, 


5424 


16 


52 


1 


8.6708897 




Moon to the Earth, 


4 


19 


M 


57 


5.6204459 
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ADAPTED TO 



WHITALL'S PLANISPHERE, 

TO MAKE THE LARGE MAPS MORE USEFUL. 



This is a movable Planisphere, invented and copyrighted by Henry 
Whitall, and for sale by the publishers of Burritt's Geography op 
THE Heavens. The stars visible are altogether on one map, over which 
moves a horizon, centred on the North Pole, the circumference 
divided into 24 hours, each hour into 60 parts, for every minute in 
the day, which moves over the 365 days, so that when stopped at any 
day we can read over eacii day the mean clock time that all those 
stars in the horizon will each occupy that position, and also read 
over the Arrow, near March 22d, the sidereal clock time (page 
328, art. 707) and right ascension (page 13, art. 18) of the mid-heavens, 
for every one of the 365 days. The Terrestrial Globe is nearly true ; 
we stand where we are, and look around us as we do, and its diur- 
nal motion nearly correct. Tlie Celestial Globe nearly false ; we imag- 
ine we stand where nobody can get, and its diurnal motion nearly the 
reverse of truth, and must be rectified for every day used. The mov- 
able Planisphere nearly true ; we stand where we are, and look at the 
sky nearly as it is, and its diurnal motion nearly correct. The 
Celestial. Globe costs $25, with no explanation. The Planisphere, 
of two kinds, one painted like the globe, sold for $3, the other, 
stars white, on a black ground, sold for $3, both make a set, sent by 
mail on receipt of $6, with 99 rules and explanations. 

PROBLEMS FOR WHITALL'S PLANISPHERE. 

If we look directly overhead at 10 o'clock, on the 10th of November, 
(page 18). Bring 10 o'clock, evening, to Nov. 10th. In the Zenith find An- 
drom'e-da, at her feet find her husband, on his knee ; on her right her 
mother ; and just behind her find her father, King of Ethiopia,— the 
royaZ family y not separated on three different maps, which I never 
could patch together on the sky, but altogether on one map, with 
all the other Stars and Constellations, each in its proper position in 
connection with the whole ; and move it to any minute at pleasure. 

Perseus et Caput MEDUSiE (page 35-37), is on three large maps, 
his head on the circumpolar, his body on one. and Caput Medusae on 
another map ; lock them up and find them all together on the painted 
Planisphere. Any minute we wish to look for him found on the cir- 
cumference of the movable horizon, and brought to the day of the 
month, found on the circumference of the Planisphere, inside the 
horizon always see his position, as he never wholly sets in our lati- 
tude. An-drom'e-da is the oiAy oiva of the royal family that sets. 
Turn the horizon all aiouiid tg aVvovi >\\ft ^ivtoxjiTK^'Kt cii^w%l<^llations. 
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THE DAY OF THE MONTH, THE HOUR AND MINUTE BEING GIVEN, TO 
FIND THE STARS RISING, SETTING, ON THE MERIDIAN, OR IN ANY 
PART OF THE FIRMAMENT. 

Bring the given hour and minute on tke circumference of tlio 
movable horizon, to the given day of the month on the Plan- 
isphere; hold the Zenith overhead, with South horizon toward 
the South, North toward the North, East toward the East, We^t 
toward the West. On the Planisphere read the names of tl»e 
Constellations and chief stars, each in its jvoper position, — ^the stara 
rising in the East, those setting in the West horizon ; by which sim- 
ple arrangement can be seen the stars in any part of the sky, at all 
times sufficiently accurate for most practical purposes. 

What Constellations will be on the Meridian Feb. 10th, 8 o'clock, 
evening ? Ans. Dove, Hare, Orion, Cam'el-o-pard, Little Bear, and 
Dragon, and Wagoner in the Zenith. 

Study each one carefully, in this largest and best description ever 
published. Find each on the large maps -8 and 6, then on the painted 
Planisphere, then on the Black one that looks natural, then set it, and 
find them on the sky. 

TO LOCATE TELESCOPIC OBJECTS FOUND AT THE END OF EACH CON- 
STELLATION. 

Bring the hour and minute of R.A., found on the circumference of 
the movable horizon, to the arrow at March 22nd, outside. Under the 
Dec. on the Meridian, find the place of the " Telescopic Object." 

Great Nebula of Orion. — (Page 45. 11), R.A., 5h. 27m, 25s.; 
Dec. S 5**. 30'. To locate it on the Planisphere. To find it rising, 
bring the East 6° South horizon to the sword of Orion ; at any day on 
the circumference of the Planisphere read the hour and minute on 
the circumference of the movable horizon, it will rise at 9 o'clock 
the first of November, read midnight at 16th of September, or 8 
o'clock, evening, Nov. 16th. 

A Gorgeous Cluster. — (Page 37.8). R. A., 2h. 8m. 58s; 
Dec. N. 56° 24' 4", to find when it will culminate south, or come to 
the meridian. Bring the place found on the Planisphere to the 
meridian, at 11 o'clock, evening, see the 6th of November, or at any 
other day, read the minute. Turn the horizon all around, see it 
never sets. Look at it through a $50 telescope, and see the stars as 
thick as beard on my face. 

A Binary Star.— (Page 126. 7), R.A., 20h. 59m. 43s ; Dec. N. 37° 58', 
to find it on the Planisphere, and to tell when it will set. Bring 21 
hours sidereal clock time marked on the circumference of the movable 
horizon to the arrow, near March 22, under the Dec, see 61 Cygni, at 
any day outside, read the minute, it will be on the meridian. To tell 
when it will set, turn the horizon until it meets near the N. W. b. N. 
point of the compass, at each day outside, read the minute, it will set 
9 o'clock, Jan. 31st, or midnight, Dec. 16th. 

TO FIND WHEN THE SUN WILL RISE OR SET ANY DAY. 

Bring Eastern horizon for rising or Western horizon for setting to 
any day marked on the Ecliptic, at the same day outside, see the min- 
ute it will take place. 

E. W. SAWYER 
425 North Iua« «te««\ 
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WHEN AND WHERE CAN MERCURY BE SEEN? 

Only at or near its greatest elongation. Find in the Almanac the 
degrees of gr. elong. Find the same day on the Ecliptic, from whidi 
count the number of degrees east, if evening star, or west, if morning 
star. When gr. elong. east takes place in March, April, or May, it 
may be seen soon after sunset. When the gr. elong. west is in 
August or September, look for it before sunrise, sometimes a week 
before it takes place. 

" March 18th, 1873, Mercury gr. elong. E. 18° 37'," will be found 
16° Pis'ces, about 20° high at sunset, most favorably situated to see as 
evening star in 1873. 

VIA LACTEA — to find the course and position op the milky- 
way AT ANY GIVEN TIME. — P. 141. 

Bfing the given minute found on the circumference of the movable 
horizon to the given day on the circumference of the Planisphere. 
The points of the horizon and the graduated meridian over the Milky- 
Way will show its course and position. 

What is the position of the Milky- Way 14m. past 9 o'clock, evening, 
Jan. 1st ? Ans. From S.E. in Zenith, to N.W. What is the course 
and position of the Milky-Way at 10 o'clock, evening, Sept. 6th ^ 
Ans. From N.E., in Zenith, to S.W. What is the position of the 
Milky- Way 8h. 21m., evening, Nov. 25th ? Ans. From East, in 60' 
North Declination to West horizon. What is the position of the 
Milky- Way at 10 o'clock, on the 2nd of May ? Ans. So near the 
East, West, and North horizon as not to be seen. 

TO FIND WHEN THE DOG STAR WILL RISE WITH THE SUN. 

Bring the E.S E. near the centre of the star, and near where the 
E.N.E. meets the ecliptic see the day the sun will be rising with the 
star. (Page 60.) 

TO FIND THE ACHRONICAL RISING OR SETTING OF A STAR. 

Bring the Eastern horizon to the star tor AcUronical rising; where 
the western horizon meets the ecliptic find the day ; at the same day, 
outside, read the hour and minute of Achronical rising. Bring the 
star to the western horizon, where the eastern horizon meets the ec- 
liptic find the day, and at the same day, outside, read the minute of 
Achronical setting of the star. 

HY'DRA {the Water Serpent). By the painted Planisphere, bringr 
his nose setting in the west, while his tail will not yet be up to the 
meridian. It is 6^ hours crossing the meridian. Look at any day out' 
side, and see the hour and minute that will be the position of the stan 
on the sky. When learned, bring any minute to any day desired. The 
student may easily trace it out, as given (page 71-73). Next, the 
CROW : a, fS,y,8 form a large conspicuous trapezium. Look them 
up on the black Planisphere and sky. 

URSA MAJOR (the Great Bear—j^. 73). Suppose we wish to look hia 
up on the 4th of July, 9 o'clock ; we then bring 9 o'clock on the mov. 
able horizon to July 4th on the Planisphere. Ursa Major will be seen 
half way between the northwest and zenith, running toward the north* 
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west, witli his tail up. Running down hill, the handle of the Dipper 
toward the zenith. By the middle of August he will have made a very- 
great change. Bring 9 o'clock to the 15th of August ; see the paws a 
little above, and nearly parallel to the ixtrthwestern horizon. Ou 
Christmas night, he will appear reversed. Bring 9 o'clock evening to 
December 25th, and find the paws not parallel, but nearly perpendic- 
ular to the horizon. The Bear not running down, but up, while the 
handle of the Dipper will not be up, but down. Bring 9 o'clock even- 
ing to the 15th of April, and find his hind paws nearly overhead. 

UR'SA MINOR {the Little Bear-^ji, 96). a Polaris, or North Pole Star, 
in the end of the Little Bear's tail, is 1° 22' 4" from the Pole (or centra 
of the rivet) toward Cassiopeia. In the foreshoulder find /H, y ; near 
his hind quarter find C, V : the last four make the bowl of the Little 
Dipper ; e, d, a in the handle make the Butclier's Little Cleaver y Little 
Ladle, Little Frying-pan^ etc. The Pointers point out the Pole Star. 
Between it and the tail of the Great Bear will always be the Little 
Dipper. The Pole Star, /?, a, y beautifully mark out the first meri- 
dian, the line from which Riglit Ascension begins. Look them up. 

AMONG ALL THE STARS VISIBLE ON A CLEAR EVENING, WHICH IS 
VENUS, JUPITER, OR ANY OTHER PLANET. 

Find in the almanac the time the given planet will rise, south, or set, 
which time also find on the circumference of the movable horizon, and 
bring it to the same day found on the circumference of the Planis- 
phere. If rising, look for the planet's place where the eastern horizon 
meets the ecliptic ; if. southing, where the meridian meets the ecliptic ; 
but if setting, where the western horizon meets the ecliptic. 

" Jan. 4th, 1873,' Venus sets 8h. 9m. A." (afternoon), and will be found 
25'' in Cap-ri-corn'us about 85" high at sunset, 41° east of the sun. 

" March 10th, 1873, Mars rises lOh. 25m. A.," and will be found 13° 
in Libra. " March 21st, Mars stationary ; June 6th, Mars stationary ; 
June 7th, Mars sets Ih. 59m. M." (morning), and will be 27° in Virgo, 
having had a retrograde or a westerly motion among the star of 16*. 

"Jan. 12th, 1873, Jupiter rises 7h. 58m. A.," and will be found 30° 
in Can'cer, not far from Reg'u-lus. 

" May 20th, 1873, Saturn rises llh. 38m, A.," and will be found 3° 
in Cap-ri-com'us. 

TO FIND THE TIME TWILIGHT WILL BEGIN OR END FOR ANY GIVEN 

DAY IN THE YEAR. 

Bring the twilight line to the given day on the ecliptic ; at the same 
day, outside, read the minute it will begin or end. Read pages 297-301. 

EQUATION OP TIME.— Find on the Planisphere the equator 
divided into 360°. The ecliptic, with two graduations, twelve signs, 
30° each, and 365 days. Bring the meridian to 30° on the equi- 
noctical mean clock-time. Behold, it does not meet 30° on the ecliptic, 
the sun's time — showing sun and clock do not agree. One must be 
fast, the other slow ; look along the ecliptic, find March, April, and May, 
and does it not look as if the sun was slow ? as if it has not come to 
the meridian ? See the line of the sun from the Vernal Equinox to the 
summer solstice, on p. 201, " The sun in the ecliptic comes to the 
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meridian before the equinoctical sun." For fifteen years I worried 
over that, ofttimes getting the headache, but never could understand 
how it was, nor did 1 meet with any one who could tell me, until by 
the Planisphere see the sun rises in the East, comes on to the meri- 
dian, and being that far passed toward the west he must be that much 
fast. Well, how fast ? Note tlie time and bring the meridian to the *S0° on 
the ecliptic, and count about eight minutes fast, then look at the 30°, 
find April 20th, showing the equation of time when the obliquity of the 
ecliptic only is considered. 

I»fow let us consider the equation of time when the unequal motion of 
tjie earth in its orbit only is considered. 

Find on the Planisphere the ecliptic ; lay a piece of paper alorg 
it, making a mark at July 1st, another at July 10th, another at 
July 20th, another at July 31st; lay the mark made at July 1st 
on Jan. 1st, and make another mark at Jan. 10, another at Jan. 
20th, another at Jan. 31, and see how very nearly the motion in 
January will compare with 1 in Fig. Radius Vectok, page 267, and 7 
to the July motion. This Figure, adopted by astronomers, seems in 
error. To get the truth bring the meridian to July 1st ; note the degieu 
on the equinoctial. Bring the meridian to July 31 on the ecliptic, and 
count on the equinoctial about 30° for the motion of the sun in July. 
Try the same for January, and find about 32" for the motion of the gun 
in right ascension in one month and with the Planisphere so compare 
any other month. At the arrow by March 22d, outside, read tlie 
sidereal clock-time or R. A. in hours and minutes. 

Having explained each cause of the equation of time separately, it is 
now our pleasure to combine both the causes and show the sun fast oi' 
slow for any given day. 

By the Planisphere, bring the meridian to any day on the ecliptic, 
(the sun's place among the stars at mean noon), at the same day on the 
circumference of the Planisphere read the mean clock-time on the cir» 
cumference of the movable horizon. If before noon, the sun is fapt, 
if after noon, slow. Is the sun fast or glow April 14th ? Ans. No, 
neither. At what time does the sun come to the meridian, November 
1st. ? Ans. llh. 44m., or 16m. before noon, fast. When will the sun 
south January 31st. ? Ans. 12h. 14m. 

Page 205, Art. 407. Nine nautical stars can all be found on tlie 
painted Planisphere, and by turning the horizon find when either will 
rise, south, or set, or its altitude at any moment desired. The painted 
Planisphere is colored like the globe, and, when set, will show the skt 
as seen for 365 days, while the globe must be rectified for each one of 
the 365 days. The Globe sells for $25. Send to the publishers and 
get the Planisphere for $3. They have a black Planisphere, stars 
white on a black ground, to look natural, like the sky, also sold for $3. 
The two make a complete set, sent by mail on the receipt of $6. 

SHELDON & CO., NEW YORK. 
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